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A B S T R A C T  
- - - - - - - -  
Stormwater management i n  urban axeas is a major concern today. 
The problem of disposing of this stomwater runoff i n  a sa t i s fac tory  
manner is very difficult indeed. Both t he  quanti ty and qual i ty  aspects 
of the runoff must be dea l t  with t o  obtain a solution of t h i s  problem. 
The water qual i ty  of t he  runoff can vary depending upon t he  d i f ferent  
land uses of t he  drainage basin. The quantity of the  stormwater runoff 
a l so  depends upon the  land uses, the  rainfall in tens i ty  and duration of 
t he  storm. 
The t r ad i t i ona l  methods available f o r  detemining t h e  quantity 
of the stormwater runoff m e  numerous. These t r ad i t iona l  methods and 
recently developed mathematical simulation models a r e  discussed i n  this 
paper. Prediction of the  water qual i ty  of stomwater runoff is in its 
infancy. Several of the  mathematical models have the capab i l i t i e s  of 
quaGty simulation, however, the simulation results are usually incon- 
s i s t en t  with ac tua l  qual i ty  data. O f  t he  simulation models currently 
i n  use, t he  EPA Storm Water Management Model is  one of the  most compre- 
: In;- 
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Application and ver i f icat ion of these newly developed models 
is limited. The EPA Model was chosen t o  simulate the  quanti ty and 
qual i ty  of a s m a l l  urban drainage area. The study area chosen w a s  an 
urban commercial section of the  Lake Eola drainage basin. Physical data 
of the study area, such as ground -_ _ - slopes, storm sewer s i e e s  and loca- 
t ions  and slopes were determined. This data was then u t i l i z ed  f o r  
simulations of ac tua l  r a i n f a l l  events. Verification of the  quanti ty 
and qual i ty  simulation r e s u l t s  was performed with actual  quanti ty and 
qual i ty  data  obtained f o r  these rainfall events. Quantity simulation 
was considered successful with good correlation between the  simulated 
and ac tua l  runoff. Qual i ty  simulation was successful t o  a lesser de- 
gree, the  conclusion being t h a t  fu r the r  qual i ty  cal ibrat ion of t he  
Model was required. Correlation between actual  and simulated stormwater 
qual i ty  w a s  achieved t o  some extent. The lack of correlation was f e l t  
t o  be due t o  cal ibrat ion of the Model. 
6 Director of Thesis 
CONTENTS 
Chapter 
I INTRODUCTION . 1 
STORMWATERQUALLTY . . . . . . . . . . . . . . . .  4 
Background . 
R u r a l  Runoff 
U r b a n  Runoff 
Florida Storm 
. . a  
Water 
. . . . . . . . . . . . . . .  
Quality . . . . . . . . . . .  
METHODS FOR DETERMINING STORMWATER RUNOFF . . . . .  28 
Background . . . . . . a m . . . . . . . . m . .  
Rational Method . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  UdtHydro@;raph 
RRLMethod a . m . . . . . . . . . . . . . . . m  
OtherMethods . m . . . . . . . m m . . . m . . .  
Mathematical Models f o r  U r b a n  Stormwatm 
Simulation . . . . . . . . . . . . . . . . . .  
. . . . . . . . .  Road Research Laboratory Model 
Stanford Watershed Model . . . . . . a a m . m .  
. . .  University of Cincinnati Urban Runoff Model 
Massachusetts I n s t i t u t e  of Technology Urban 
Watershed Model . . . . . . . . . a . a . . .  
University of I l l i n o i s  Storm Sewer System Simu- 
. . . . . . . . . . . . . . . . .  l a t ion  Model 
S O G E i E A H ~ ~ m ~ ~ . a m m a a a . a m a ~ m ~ m ~  
. . . . . . . . . . . . . . . . . . .  S.T.O.R.M. 
Water Resources Engineers. Inc  . Storm Water 
Management Model . . . m m . . m . a . . . m .  
Environmental Protection Agency Stomwater 
Management Model . . a m . . . . . . . . . m m  
. . . .  DESCRIPTION OF LAKE EOLA AND DRAINAGE BASIN 49 
LakeEola . . . m . m . . . . . . . . . . . m . .  49 
Lake Eola Drainage Basin . . . . . . . . . ~ . .  !& 
Pollutant Sources of the  Lake Eola Drainage Basin 61 
EXPLANATION OF THE EoPaAm STORM WATER MANAG-T 
M O D E L . ~ . ~ . ~ m . . . ~ m ~ ~ . . ~ ~ ~ ~ . ~  65 
Background and Purpose . . . . . . . . . . . . . .  65 
Model Description . . . . . . . . a . a . . . . .  66 
. . . . . . . . . .  Physical System D a t a  Required 71 
v i i  
Chapter 
VII 
VIII 
.. 
APPLICATION AND CALIBRATION OF THJZ E.P.A. STORM 
WATER MANAGEMENT MODEL . . . . . . . . . . . . .  
. . . . . .  Commercial Study Area Physical Data 
I n i t i a l  SWMM Simulation . . . . . . . . . . . . .  
. . .  Quantity and Quality Measurement Techniques 
. . . . .  Dry Weather Flow. Quantity and Quali ty 
Calibration Storm Selection a . . . . a . a m . .  
. . . . .  Quantity Calibration of the  SWMM Model 
Qual i ty  Calibration of the  SWMM Model . . . 
ANALYSIS AND RESULTS OF STORM SIMULATIONS USING 
C U B R A W  SWMM MODJZL . . . . . . . . . . a . a .  
Storm of May 10. 1975; Quantity Analysis and 
Results . . . . . . . . . . . . . . . . . . .  
Storm of May 5. 1975. Quantity Analysis and 
Results . . . . . . . . . . . m a . . . . . .  
Storm of May 12. 1975. Quantity Analysis and 
. . . .  Results 
. . . . .  Storm of May 10. 1975. Quality Results 
. . . . . .  Storm of May 5. 1975. Quality Results 
. . . . .  Storm of May 12. 1975. Quality Results 
CONCLUSIONS AND RECOMMENDATIONS . . . a . a m . . .  
Conclusions . . . . . . . . . . . . . . . . . . .  
Recommendations . . . . . . . m . . . . . . . . ~  
- , Table 
v i i i  
Average Amounts of Wastes i n  Land Runoff from Repre- 
sentat ive Animal-Growing Operations . . . . . . . . 8 
Quantity and Characterist ics of Contaminants Found 
o n s t r e e t  Surfaces . . . . . . . . . . . . . . . . 11 
Elements Having Substantial  ( 10 ~imes) Strength 
Differences Between Different Land-Use Samples . . 12 
Elements Having Substantial  ( 10 ~ i m e s )  . Loading 
Differences Between Different Land-Use Samples . . 13. 
Cornpaxison of Loadings of Different Types of Road- 
ways f o r  Common Pollution Parameters and Certain 
HeavyMetals . . . .  . . . . . .  . . . . . . .  . . 16 
Storm Flo+ Loadings of Nitrogen, Phosphorus, BOD5, 
and Suspended Solids i n  Flor ida . . . . . . . . . . 23 
Chemical and Physical Chazacteristics* of hke  Dicie 
and Stormwater Runoff . . . . . . . . . . . . . . . 25 
Storm Flow Loadings of Nitrogen, Phosphorus, BOD5, 
and Suspended Solids f o r  Urban Runoff at Eust ls ,  
F l o r i d a .  . . . . . . . . .  . . . . 27 
Typical Values of the  Runoff Coefficient "C" . . . . .  30 
Transport Block Data f o r  Storm Sewer System 84 . . . . 79 
Transport Block Card Groups . . . . . . . . . . . . . 80 
Runoff Block Data f o r  Storm Sewer System 84 . . . . . 86 
Required Runoff Blockvariables  . . . . . . . . . . . 88 
Runoff Block Card Groups . . . . . . . . . . . . . 90 
Rainfall Data f o r  September 27, 1973, Storm of 10 
Hours Duration . . . . . . . . . . 91 
Dry Weather Flow, Grab Sample Analysis . . . . . 98 
Table 
_ _  - - 
Dry Weather Flow, Composite Sample Analysis . .  100 
1972 and 1973 S tom In t ens i t i e s  . . . . . . . . . . .  102 
Rainfall Data, Storm of May 10, 1975 . . 105 
FlowData, Storm of May 10, 1975 . . . . . . . . . . .  106 
Estimated Flow, May 10, 1975 . . . m m . . a . a . . .  107 
Stormwater Runoff Data f o r  Storm of May 10, 1975 111 
. . . .  Pollutant  Concentrations f o r  Test S i t e  Manhole 113 
Pollutant  Flow Data (lb/min) f o r  Storm of May 10, 1975 116 
Rainfall Data f o r  the Storm of May 5, 1975 . . . . . .  123 
F lowData ,S to rmofMay5 ,  1975 . . . . . . . . . . .  125 
R a i n f a l l  Data f o r  the Storm of May 12,  1975 . . .  130 
F lowDa ta fo rS to rmof  May12, 1975 . . . . . . . . .  132 
Flow Data, Storm of May 12, 1975 . . . . . . . . . . .  133 
Stomwater Quali ty,  May 10, 1975 . . . . . . . . . .  139 
StormwaterQuality,May5, 1975 . . . . . . . . .  143 
Stormwater Quali ty,  May 12, 1975 - . . . . . . . . . . .  147 
- -- Figure 
I Land Use Classif icat ions . . . . . . . , . . . . . . . 20 
3 Compazison of Urban and Rural Runoff Hydrographs . . . 35 
4 St r ee t  Map Showing Lake Eola, Outfal ls  i n t o  Lake 
and Location of Fountain, andDrainage Wells . . . . 50 
5 Lake Eola, from South Shore, Looking North . . . . . . 51 
Lake Eola, Looking East,  from Intersect ion of Magnolia 
Avenue and Washington S t r ee t  . . . . . . . . . . 51 
7 
, ' I  , Depth Map of Lake Eola and Showing Location of Fountain 53 
-'zS; J .;, I 
8 Southeast Corner of Eola Park . . . . . . . . . . . . - 56 
9 Eastern Shore of Lake Eola . . . , . . . . . . . . . 56 
/ 
10 Area Map Showing Study Area Boundaries and Land Uses 
o f B a s i n  . . m m ~ . . . ~ ~ - . . . . . . m . . . m  58 
Corner of Washington S t ree t  and Orange Avenue, Look- 
i n g N o r t h . . . . . . . . . . . .  . . . . . .  . . .  59 
12 In tersec t ion  of Palmetto Avenue and Jefferson S t ree t ,  
Looking Southwest.. . . . . . . . . . . . . . . . 59 
13 Parking Lot Area, Looking From Jefferson S t ree t ,  South 
t o  Washington St ree t  . . . . . . . . . . . . . . 60 
14 Intersect ion of Court Avenue and.Washington S t ree t ,  
loo king South.....^^........ . .  60 
15 Intersect ion of Hillman Avenue and Ridgewood S t ree t ,  
LookingWest . . . .  . . . . .  . . . . . . . . 62 
Intersect ion of Ridgewood S t ree t  and Broadway Avenue, 
Looking Northwest . . . . . . . . . . . . . . . . . 62 
Data Deck Setup f o r  SWMM . . . . . . . . . . . . 72 
Page 
-. .- 
A 
Commercial Study Area Storm Sewer System . . . . . . . 81 
Figure 
17 
18 Catchbasin 233, Western Shore of Lake Eola . . . . . . 83 
Looking North from Catchbasin 233 ; . . . . . . . . . 83 
Catchbasin 228, Northeast Corner of Intersection of 
Orange Avenue and W a l l  S t ree t  . . . . . . .  . . 04 
Catchbasin 226, Northeast Corner of W a l l  S t ree t  and 
Court Avenue . . . . . . . . . . . . . . . . . . 04 
Commercial Study Area Subcatchments . . . . . . . . . 85 
Stomwater Runoff Hydrograph at  Commercial Study Area 
O u t f a l l . .  . . . . . . . . . . . . . . . . .  . . 93 
Pollutant Flowfor5-Day BOD at Commercial Study Area 
~ u t ~ a ~ ~ . . . . . . . . . . . . . . . . ~ . . . . .  94- 
Pollutant Flow of Suspended Solids at  Commercial Study 
AreaOutfall  a m . r . . .  . . . . . .  . . . a . m  95 
Rainfall Hyetograph f o r  Storm of May 10, 1975 . . . . 104 
Actual and Simulated Runoff, Calibration Storm of 
May10,1975 . . .  . . . . . .  . . . . . . . . l . 108 
5-Day BOD Flow (lb/min) Versus Time . . . . . . . . . 114 
Suspended Solids Flow (lb/min) Versus Time . . . . . . 115 
Simulated and Actual Runoff Hydrograph f o r  Stom of 
May10,1975 . . . . . . . . .  . . . . . . . .  . .  121 
Rainfall Hyetograph f o r  Stom of May 5, 1975 . . . . . 122 
Actual Runoff Hydrograph f o r  the Storm of May 5, 1975 126 
Simulated Runoff Hydrograph f o r  the Storm of May 5, 
1975 m m ~ a a a a ~ a a a a a ~ a a a a m m ~ ~ a  127 
Rainfall  Hyetograph f o r  Stom of May 12, 1975 . . . . 131 
Actual and.Simulated Runoff Hydrographs f o r  the Storm 
o f M a y 1 2 , 1 9 7 5 . . . . . . . . . . . . . . . . . .  19 
BOD Pollutograph f o r  Storm of May 10, 1975 . . . . . . 136 
xii 
Page 
+ - 
#. 
Suspended Solids P o l l u t o p p h  fo r  Storm of May 10, 
1975 m m m m m e m - m m a m m m m m m m a m m m m  137 
BOD Pollutograph f o r  Storm of May 5, 1974 l l . l . 141 
Suspended Solids Pollutograph f o r  Storm of May 5, 1975 142 
BOD Pollutograph f o r  Stom of May 12, 1975 . . l . . l 145 
Suspended Solids Flow (lb/min) Versus Time, May 12, 
1975 m m m m m . m m m m m a m . . m m ~ m m m . m m  146 
Surface Storage and In f i l t r a t i on  Versus Time . l . . l 151 
CHAPTER I 
INTRODUCTION 
Stormwater runoff can be defined as t h a t  wastewater resul t ing  
from precipi ta t ion which flows across t he  ground during and after a 
storm. The purpose of storm drainage systems is t o  guide this runoff 
from areas where it cannot be discharged t o  a discharge area. The ob- 
jec t  being t o  prevent damage from flooding, protect  the environment, 
7 -> - 
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and minimize costs. This routing must be done t o  avoid property and 
-> %'-' 
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human damage which indicates  su f f i c i en t  drainage capacity must be pro- 
vided. The detemination of this capacity can be d i f f i c u l t  i n  some 
cases. Several f ac to r s  must be considered, one of the most important 
being precipi ta t ion i t s e l f .  The calculation f o r  the amounts and f re -  
quencies of stormwater runoff can be done i n  many ways. Several tra- 
d i t ional  methods are used and w i l l  be discussed fu r the r  i n  this paper. 
I n  addition, many new methods and techniques, based f o r  the most pa r t  
on t r ad i t iona l  methods, have been developed recently. These w i l l  a l so  
be discussed i n  t h i s  paper. 
Stomwater runoff has become a controversial topic in recent 
years. I n  the past ,  the  qual i ty  of t h i s  runoff was not of much con- 
cern. The emphasis was on control and disposal. Now it is real ized,  
t h a t  the qual i ty  of the stormwater is not the same as the precipi ta t ion 
quality. Therefore;much research and work has been undertaken i n  the 
f i e l d  of stormwater pollution control. The question must be answered, 
though, what are the - quanti t ies? 
The continental United S ta tes  receives an average precipi tat ion 
_ _  - -- 
of about t h i r t y  inches per year. This t o t a l s  about 4400 U. S. b i l l ion  
gallons per day (SD) I n  the  t h i r t y  inches, on the average, twenty- 
- '- 
'' -- one and one-half inches is evaporated; the other eight and one-half B .* :- ??>-- ' 
>" r!-t r 
inches is  available f o r  use. This e ight  and one-half inches, which 
is available, is still a large quantity of water. Available meaning 
t ha t  portion available f o r  human use and conswnption. O f  this eight 
and one-half inches, the human population u t i l i z ed  i n  1960 approxi- 
mately two inches, of which one-half *inch was l o s t  t o  evaporation. 2 
The used portions were discharged t o  the environment. The quantity 
not evaporated, approximately eight  inches o r  1165 BGD, eventually be- 
comes contaminated t o  some degree. 
It should be noted t h a t  precipitation is widely dis tr ibuted 
and may vary great ly f r o m  one locale  t o  the  next. Likewise, the  s t o m  
runoff of I165 BGD i s  spread i n  varying amounts over the United States ,  
the la rges t  amounts occurring i n  the  Mississippi and Columbia River 
basins of 4.00 .and 223 BGD respectively. The design and operation of 
storm drainage systems depends upon the specif ic  area w i t h  precipita- 
t ion data playing an important r o l e  i n  the design. The Sta te  of Florida 
receives an average.rainfal1 of 52 inches per year. Naturally, the 
various aspects of runoff, such as the quantity and quali ty,  depend 
heavily upon the topographic character is t ics ,  s o i l  conditions, and 
land use of the area. There a re  large scale differences i n  runoff i n  
both quali ty ahd quantity between urban and rural drainagee basins. 
Urban runoff can cause disruptment of sewer and catchbasin 
functions, overloading of treatment f a c i l i t i e s  ( in  combined systems) , 
and the pollution of receiving - - waters. Urban runoff qual i ty  can con- 
sist of pol lutants ,  normally not found i n  rural runoff. The qual i ty  
of urban runoff can a lso  vary depending on the  land uses of the area 
contained i n  the  urban basin. We tox i c i t y  of urban runoff pollutants,  
on the whole, generally me greater than those m l l u t a n t s  contdned in 
urban runoff. 
Urban m o f f  can, i n  most cases, be c l a s s i f i ed  as a nonpoint 
source of water pollution. A nonpoint source being defined as "a loca- 
t i o n  o r  land use a t  which pol lutants  &re released a t  an uncontrolled 
rate."3 A point source being one where the  rate is controlled. Urban 
arreas consist  of d i f ferent  types of land uses. These land uses are 
usually c l a s s i f i ed  as: 
I. Commercial 
2 . Residential 
3. Indus t r i a l  
4. Parkland (undeveloped) 
Detailed analyses of urban runoff from commercial amas are limited. 
0b.iectives 
A comprehensive analysis and simulation of the storm water run- 
off resu l t ing  from an urban commercial area u t i l i z i n g  the  U.S. Environ- 
mental Protection Agency Storm Water Management Model was undertaken. 
The objectives of this report  were as follows: 
1. Review pas t  and present methods of stormwater run- 
off determination including mathematical models. 
2. Application of a mathematical model t o  an urban 
drainage basin, i n  one locale ,  consist ing of com- 
mercial land use. 
3. Analysis and comparison of the model simulation t o  
actual  data. 
STORM 'WATER QUALITY 
Background 
Stomwater quali ty has its i n i t i a l  beginnings i n  the  rainfall 
py 
* b7 from which it is comprised. It has been found t h a t  rainwater has de- a.p:dlb* ??& , --J 
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f i n i t e  qual i ty  aspects which may change from one area t o  the  next. The 
chloride contained i n  rainfall has its source from sea salt. Analyses 
+ a - 
of other ions,  such as N a  , C a  , M ~ ~ + ,  and NO 3 ' contained i n  rainwater 
have been done. F i r s t ,  it is apparent t h a t  rainfall contributes sig- 
nif icant  amounts of chemical substances t o  southeastern streams, which 
must, therefore, be considered i n  any serious "ionic" balance o r  geo- 
4 
chemical s tudies  involving d i lu te  waters. A major study on the  chemi- 
c a l  composition of rainfall i n  southeast V i r g i n i a  and North Carolina 
by A. W .  Gambell in 1965 is one study which has been done. These 
studies have pointed out the  f a c t ,  t h a t  precipi tat ion cannot be ignored 
as a source of nutrients. One feature of the Gambell study is tha t  one- 
half of the dissolved sol ids  i n  the streams w a s  found t o  have been con- 
t r ibuted by rainfall. 
The dis tr ibut ion of the var2ous chemical parameters contained 
i n  rainwater varies  widely over the United States.  Chloride ion con- 
centrations a re  highest. along the  coasts and decrease f a r t he r  inland. 
There are  seasonal changes also,  which can be a t t r ibuted  to the  higher 
frequencies of storms in the winter. Sodium and magnesium contents in- 
crease somewhat i n  the winter also. Calcium reaches a peak i n  the  summer 
most.likely because of agricul tural  -.. ac t iv i t i e s .  A survey of ammonium 
and n i t r a t e  concentrations i n  rainwater by C. E. Junge i n  1958 had in- 
terest ing resul t s .  Low concentrations were found along the  coast l ines  
- .and increased inland. Rainfall is not "pure" but imms several ions 
and nutr ients  t o  the  runoff, no matter what the  land use. However, land 
use has an e f f ec t  and runoff can be generally c lass i f i ed  as rural and 
urban stormwater runoff. 
R u r a l  Runoff 
R u r a l  runoff is a major source of water pol lutants  in the  United 
States. I n  the midwestern s ta tes ,  where large areas a re  devoted t o  
agricul tural  a c t i v i t i e s ,  high concentrations of pollutants can be dis- 
covered. These pollutants have t h e i r  or igins  i n  the  f e r t i l i z e r s ,  pesti-  
cides and other  agr icul tura l  chemicals employed by our nation's fitrmers. 
The natural  reaction is t o  cry f o r  a h a l t  t o  t h e i r  use, such as the  
case f o r  DDT was. But, unless suitable al ternat ives are  furnished 
.. - , .! - ,  , s -, .- .[ c 2  . .:- TiJ$L$iy;g*$v @ . $ ' # ~ ~  
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which w i l l  maintain the  current level  of production, this method of 
hal t ing t h e i r  use cannot be undertaken. Because of the  large areas of 
land involved, the  control and monitoring of rural land runoff proves 
, t o  be very d i f f i cu l t .  Several fac tors  a f fec t  the runoff quality. Among 
these are  s o i l  types, climates, type of land-use, cover crops, and 
topography of the  area. 
R u r a l  land uses m e  usually e i the r  agr icul tura l  o r  woodlands in 
nature. The major portion of stormwater runoff i n  r u r a l  azeas originates 
i n  these agr icul tura l  azeas. The various agr icul tura l  land uses me: 
1. cultivation 
2. pasture and feedlots  
3. groves and orchards 
The =off qual i ty  depends on the type of land use and crop cover. Re- 
- - 
-* 
cent studies have begun t o  document the  character is t ics  and transport  
mechanisms associated with "rural" runoff. 
A study has been done by Wallace and ~ a g u e ~  on the dissolved 
oxygen content of r ivers .  The purpose of the study was t o  develop a 
computer mathematical model t o  simulate the  e f fec t s  of agr icul tura l  land 
uses on r i ve r  dissolved oxygen concentrations. The authors had diffi- 
culty i n  verifying t h e i r  model due t o  the  l imited quant i t ies  of water 
quali ty da ta  available. Conclusions reached i n  the  study were as fol-  
lows: 
I. Agricultural land runoff causes low dissolved oxygen 
values during higher r i v e r  flows each summer. 
2. Typical runoffs can cause dissolved oxygen concentra- 
t ions  below f i v e  m g / l  t o  occur. 
3. Land runoff is the  only cause of low dissolved oxygen 
values i n  the  Iowa. River. 
6 Crawford and Donigan developed a model f o r  predicting the  trans- 
port of pesticides over agricul tural  land. Pesticide is a general term 
f o r  a l l  forms of insecticides,  herbicides, fungicides, fumigants, 
nematocides, algacides, rodenticides, etc.  Depending on the types o r  
forms of pesticides used, the e f fec t s  they have can be e i the r  short  o r  
long term. Some w i l l  have detrimental e f fec t s  f o r  long periods of time, 
even years. .Among these long term e f fec t s  a re  b i r th  defects, genetic 
changes and t o t a l  extinction. However, pesticides w i l l  continue t o  be 
used u n t i l  a suitable al ternat ive is found. 
The quantit ies of pesticides produced yearly is staggering. The 
t o t a l  production of these chemicals i n  1971 amounted t o  600,000 tons. 7 
The use of such large quant i t ies  necessitated the need f o r  s t a t e  and 
federal  regulations t o  control  _ _  these - -- pesticides.  The pest ic ide runoff 
model simulates the  t ransport  of pes t ic ides  i n  t he  agr icul tura l  environ- 
ment. The model takes i n t o  account t h e  various mechanisms of transport  
such as surface runoff, sediment l o s s ,  and the time dependent. decompo- 
s i t i o n  of the pesticide.  Prediction of t he  quan t i t i t e s  of pest ic ides  i n  
surface runoff from agr icul tura l  land is  important. The work done by 
8 Crawford and Donigan provides a basis  f o r  this prediction. The model 
could be the prototype f o r  amodel  which would simulate other pol lutants  
such as f e r t i l i z e r s .  
Various parameters, such as BOD suspended so l ids ,  nitrogen 5' 
and phosphorus, have been shown t o  vary according t o  t he  agricultural 
land use. Another model which simulates these parameters is discussed 
l a t e r  i n  this paper. The e f fec t s  of animal wastes on land runoff has 
been studied by the  North Carolina S t a t e  University. 9 
This study considered the  pol lu tant  loadings and charac ter i s t ics  
of four  types of animals with these being: 
1 .  swine 
2. dairy 
3. beef 
4. poultry 
production and feed areas. Several parameters were investigated,  in- 
cluding BOD TotalOrganic Carbon, nitrogen,,  phosphate and bacteria. 5' 
The pollutants associated with the varrious areas were found t o  differ. 
This w a s  found t o  depend on land charac ter i s t ics ,  animals and waste dis- 
posal techniques. The extent of water pol lut ion caused by farm animal 
production un i t s  is more dependent on production and waste management 
pract ices  than on the .volume of wastes involved. 10 Table 1 demonstrates 
the var ia t ions i n  pollutants,  f o r  d i f ferent  animal production operations, 
AVERAGE AMOUNTS OF WASTES I N  LAND RUNOFF F R O M  
REPRESENTATIVE ANIMAL-GROWING oPERATIoNsI~ 
' Sampling s t a t ion  downstream from point of discharge w i t h  intervening 
section of stream providing some s t ab i l i ea t ion  and se t t l ing .  
Lagoon eff luent  . 
Sampling s t a t ion  a t .  base of watershed immediately below site. 
POrc N 
- 
FC 
Swine 
Direct discharge1 
Anaerobic lagoons2 
Land spreading3 
Dairy 1 
Beef 3 
poultry3 
Bm5 
6 10 col/day 
/animal 
30, 000 
910 
630 
60,000 
430 
0.6 
TOC 
~b/d.a~/animaI. 
0.176 
0.19 
0.003 
0.190 
0.030 
0.0005 
0.128 
0.156 
0.007 
0.230 
0 . 100 
0.0007 
0.032 
0.009 
0.002 
0.034 
0.008 
0.0002 
0.017 
0.005 
0 . 001 
0.027 
0.003 
0.00003 
contained i n  land runoff. 
One problem the  authors had i n  the analysis of the  wastes was 
the interference of heavy metals and an t ib io t i cs  contained i n  the  mi- 
- . ma1 feeds, The d i f f i cu l ty  w a s  with the  BOD t e s t s  as t e s t  r e su l t s  5 
varied above 60 mg/l BOD necessitating the  concurrent use of TOC 5' 
(or COD) f o r  the  estimation of degradable organics and oxygen demand 
at  BOD l eve l s  above 60 m g / l m i l  One sui table  method f o r  the  prevention 5 
of receiving water pollution from t h e  surface runoff is land spreading 
of the animal wastes. T h i s  technique kould be similar t o  t h a t  employed 
in the land spreading of sewage sludge. The only disadvantage being 
the additional costs  f o r  the land, equipment and manpower f o r  the  land 
spreading operation. 
R u r a l  runoff is generated from several different  land uses. Ac- 
cordingly, the  amounts and types of pollutants contained i n  this runoff 
w i l l  vary widely, Generally, the  greater  the  extent of mankind's u t i l i -  
zation of the r u r a l  land,  the greater the  amounts of pol lutants  intro-  
duced. These pollutants,  whether they are f e r t i l i z e r s ,  pesticides o r  
animal wastes, diffuse over the  surface of the land and eventually en- 
t e r  the aquatic environment, The transport  processes, including sur- 
face runoff, a re  varried. I n  the past  few yeass, investigations and 
studies have been undertaken t o  determine these processes, the  pollutant 
levels  occurring and t h e i r  subsequent interactions.  Another source of 
water pollution and perhaps more detrimental than r u r a l  land runoff is 
urban stomwater runoff. 
Urban Runoff 
Urban runoff has the potent ial  t o  contain many polluting materials. 
10 
-9 
"The sources of these pol lutants  are  widely varied; ranging from the  
_ _  - - 
m 
"city" birds,  such as pigeons, t o  vehicle t i r e s .  Pollutants can consist  
of so l id  waste l i t t e r ,  chemicals used by the  public, a ir  deposited sub- 
stances, and vehicle pollutants. I n  urban areas the  sources of pollu- 
t ion i n  the  runoff are: precipitation,  vehicles, animals, buildings, 
humans, lawns and others. These r e su l t  i n  s t r e e t  and lawn contarninants.'? 
Runoff from urban s t r e e t s  is usually highly contaminated and 
can contain several toxic  mater ids .  This polluting material w i l l  vary 
widely i n  both quantity and dis tr ibut ion on the  s t r e e t  surfaces. S t ree t  
surface contaminants consist  of several types: heavy metals, nutr ients ,  
pesticides, bacteria,  and d i r t  (including dust) . Inorganic materials, 
specif ical ly  dirt and dust,  make up the  major portion of the  s t r e e t  sur- 
face contaminants. Table 2 summarizes the  contaminants of s t r e e t  sur- 
faces found by Sartor,  Boyd, and Agaxdy. l3 The organic content is a 
rather  small fract ion of the  t o t a l .  
Significant amounts of heavy metals were detected i n  the  con-- 
nant materials 'collected from s t r e e t  surfaces. 14 When the metals found 
i n  urban runoff a re  compared with the metals content of sani tary sewage, 
loadings of 10 t o  100 times the  concentration (mg/l) of sani tary sewage 
-metals is observed. The most prevalent metals found by Sartor,  Boyd, 
and ~ ~ a r d ~ ~ ~ w e r e  zinc and lead. However, P i t t  and &nyi6 observed the 
highest concentrations of metals were i ron ,  lead, manganese and zinc 
given i n  Tables 3 and 4. The metals concentration varied from one s t r e e t  
surface t o  another, which could be expected. Indust r ia l  land use areas 
have high loadings of heavy metals with res ident ia l  second. Commercid 
areas have the l e a s t  loadings, but except f o r  the indus t r ia l  land use, 
QUANTITY AND CHARACI'EZCLSTICS OF CONTAMINANTS 
FOUND ON STREET SURFACESI~ 
Measured Constituents 
Weighted Means 
for All Samples 
( ~ b / c d  mile) 
Oxygen demand 
BOD5 
COD 
VS 
Algal nutrients 
Phosphates 
Nitrates 
Kjeldahl Nitrogen 
Heavy metals 
Zinc 
Copper 
Lead 
Nickel 
Mercury 
Chromium 
Pesticides 
p ,p-DDD 
P , 
Dieldrin 
PCB 
Bacteriological 
Total Colif oms* 
(organisms/curb mile) 
Fecal colif oms* 
(organisms/curb mile) 
* Number of observed organisms/mile 
Note: Lb x 0.454 = kg; mile x 1.61 = hn 
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EIZBENTS HAVING SUBST,ANTIAL ( 10 TIMES) 
STRENGTH DIFTEEENCES BETWEEN DIF'EERENT 
LAND-USE SAM PUS^^ (rng/kg) ' 
Commercial 
0 2 
0.5 
100 
0.5 
50 
I ndus t r i a l  
2 
5 
200 
5 
50 
Element 
Beryllium 
Fluorine 
Strontium 
U r a n i u m  
Vanadium 
Residential 
0.2 
1 
1000 
2 
5 
L 
EIEMENTS HAVING SUBSTANTIAL ( 10 TIMES) 
WADING DIF!FERENCES B;EIIWEEN DIF- 
FERENT LAND-USE s-19 
Element 
Antimony 
Bar ium 
chr0mi1.m 
Cobalt 
Fluorine 
H O ~  nim 
lb/curb mile 
Commercial 
0 001 
0.058 
0.029 
O 001 
0.001 
0 001 
1.4 
0 . 001 
0 001 
0 . 015 
o OOI 
0.029 
0.14 
0.001 
0.058 
Residential 
0.002 
0.240 
0.240 
0.006 
0 .OOl 
0.006 
Indus t r i a l  
. 0.014 
0.56 
1.4 
O . 014 
0 . 014 
0.028 
14 
0.014 
0.056 
0.28 
0. 056 
0.56 
1.4 
0 . 014 
2.8 
Lead 
Lithium 
Molybdenium 
Nickel 
Scandium 
Strontium 
Sulfur 
Uranium 
Zirconium 
2.4 
0.006 
0.024 
0.12 
0. 006 
1.2 
0.60 
0 . 002 
0.60 
the highest stren&hs measured -as_mg/kg. The milligrams per kilogram 
a t  being the  milligrams of specif ic  pollutant contdned i n  one kilo- 
gram of s t r e e t  surface contaminants. 
C i t i e s  with high part iculate  loadings were a lso  found t o  have 
high metal loadings. 2o This would seem reasonable considering most 
c i t i e s  with high part iculate  loadings have high concentrations of in- 
dustry which would yield the high metal loadings. O f  the  metals, copper, 
cadmium,lead and zinc a re  suff ic ient ly  solubze t o  produce toxic e f fec t s  
t o  some aquatic l i f e  with the necessaryg conditions present. It coiiLd be 
assumed t h a t  under cer tain conditions the  concentrations of heavy metals 
could build up over time t o  reach tox ic i ty  levels .  These conditions, 
unfortunately, can be found t o  ex i s t  i n  many cases. The most dramatic 
toxic ef fec ts  of metals most l ike ly  occur when runoff is discharged %n- 
t o  quiescent water where it is allowed t o  accumulate t o  toxic  concen- 
trationsmZ1 The problem of heavy metals contained i n  urban runoff is 
serious as the reduction of these metals a t  t h e i r  sources, would be an 
almost impossible task. One major source of these metals is the auto- 
mobile. The exhaust gases produced by the  in te rna l  combustion engine 
contain the various heavy metals. Effor ts  and techniques t o  remove 
these metals have just  begun. Lead-free gas is one technique employed 
t o  remove the lead from exhaust gases. Other heavy metals a re  still 
present and w i l l  have t o  be deal t .  with eventually. 
Nutrients i n  s t r e e t  surface contaminants a r e  basical ly of four 
tsmes. These organic materials can be c lass i f ied  as: 
1. Greases and o i l s  from vehicles (including exhaust hydm- 
carbons) 
2. Bird and other animal wastes 
3. Food l i t t e r  
- 
4.. Organic materials consisting of wood, leaves, grasses, 
and other vegetation wastes 
These organic materials can produce hi& biological oxygen demand i n  re- 
ceiving waters. T h i s  decreases the oxygen levels  i n  these waters, 
which can lead t o  the  death of aquatic l i f e .  Greases and o i l s  were the 
most prevalent organic materials. These pollutants,  l i k e  the high 
heavy metal concentrations, have as t h e i r  main source the vehicles 
u t i l i z ing  the s t ree ts .  W vehicles deposit greases and o i l s  t o  some 
extent on the s t r e e t  surfaces. The quant i t ies  deposited vary according 
t o  the individual vehicle. P i t t  and Amy22 found grease and o i l  loadings 
ranging from 32.8 lb/curb mile f o r  indus t r i a l  areas t o  4.90 lb/curb mile 
fo r  commercial areas. Residential areas  had a reported loading of 18.6 
lb/curb mile. 
A t o t a l  oxygen demand of 208.5 lb/curb mile was reported by 
23 Sartor, Boyd and Agardy . This includes BOD COD and vo la t i l e  solids. 5' 
This oxygen demand is an average f o r  the  c i t i e s  which were studied. 
Algal nutrients were found consisting of phosphates, n i t r a tes ,  and 
Kjeldahl nitrogen. K jeldahl nitrogen had the  highest loading according 
24 t o  Sartor, Boyd, and Agardy. This agreed with the  findings of P i t t  
and ~m~~~ f o r  c i t y  s t ree ts .  Table 5 gives the  findings of P i t t  and Amy 26 
f o r  three types of roadways. The c i t y  s t r e e t  samples have the highest 
- 
reported values of BOD COD, NO , N, C r  , Fe, Pb, and Zn. The c i t y  5 ' 3 
s t r ee t s  yere commercial area s t r e e t s  w i t h  high volumes of t r a f f i c .  It 
is interest ing t o  note t ha t  P i t t  A d  ~m~~~ report  t h a t  rural  roads have 
high phosphate loadings with K jeldahl nitrogen second highest. The ques- 
t ion a r i ses  as t o  whether t h i s  is due t o  the  increased use of f e r t i l i a e r s  
COMPARISON OF LOADINGS OF DIFFXRENT TYPES OF 
ROADWAYS FOR COMMON P 0 U U T I O N  PARAMETERS 
AND CERTAIN HEAVY METAIS27 
Parameter 
BOD 5 
COD 
m 
PO; 
NO; 
N 
Cd 
Cr 
Cu 
Fe 
Mn 
Ni 
Pb 
Sr 
Zn 
lb/curb mile 
Highway 
15 
299 
1.32 
0.23 
4.22 
0.058 
1.20 
0.26 
136 
2.39 
0.68 
3.17 
0.32 
1.24 
City Street 
.18 
95 
I 1 
0.043 
2.4 
0 . 0037 
0 231 
0 . 129 
24.4 
0.468 
0.040 
1.66 
0.022 
0.409 
R u r a l  Road 
2.4 
77 
3.0 
0.22 
0.79 
0 
0 34 
0.06 
36 
1.35 
0.16 
0.10 
0.078 
0.11 
in rural areas? 
_. - - 
Increases in nitrogen and phosphorus loadings have been observed 
in the Spring and F a l l .  This would seem to indicate that fertilization 
was contributing to these increases. However, studies reported by 
Kleusner and bez9 using artificially generated precipitation indicated 
that runoff from established lawns in the Madison, Wisconsin, area 
would occur only under unusually heavy rainfall conditions. It would 
appear that fertilization is not a contributing source of phosphates 
and nitrogen to residential runoff. Under the appropriate conditions, 
fertilizing could contribute to the water pollution problem. These 
conditions include high precipitation rates and possibly high fertili- 
zation rates. 
Pesticides are found in street surface contaminants to some ex- 
tent. Those detected were p ,p - DDD, p,p - Dm, Dieldrin, and PCBrn 
These are organic pesticides which will decompose in the environment. 
PCB is not a pesticide as such but has many pesticide properties. The 
interpretati~n~of observed pesticide levels is difficult indeed. 30 The 
levels, which are acceptable for various pesticides, are difficult to 
determine and the subject of much controversy. Pesticide concentrations 
show no variations with land use. Data reported by Saztor and Boyd 31 
showed no recognizable patterns of pesticide distribution with land use. 
There has not been much study on pesticides effects on water environments. 
Much study has been done on pesticides effects in soil environments. The 
effects of pesticides in -tic environments are largely a matter of 
speculation. Certainly, at some (undetermined as of now) levels, detri- 
mental effects do occur. Pesticides are present thmughout our eco- 
:=, systems and most cer ta in ly  a r e  contained i n  storm water runoff t o  some 
_ _  .. -- 
extent. 
Bacteria content of s t r e e t  surface contaminants has been studied. 
ogens are d i f f i c u l t  t o  determine i n  na tura l  waters. For t h i s  rea- 
son, t e s t s  a re  run on the  groups of bacter ia  Imown as coliforms. Cer- 
t a i n  coliforms a re  associated with the  presence of pathogenic bacteria. 
Two terms commonly used i n  describing the  bacteriologic qual i ty  of 
water a re  " t o t a l  co l i f  oms" and "fecal  co l i f  oms. " Fecal co l i f oms  
a re  those whose presence indicates  thenpresenceof  pathogenic bacter ia  
also. Total coliforms include the  f eca l  co l i f oms  and those coliforms 
occurring na tura l ly  i n  the  s o i l  and elsewhere. Drinking water standamis 
established by the  Public Health Service s e t  l i m i t s  on the  number of 
t a l  colifroms acceptable i n  drinking water sources. The use of water 
t h  high t o t a l  coliforrn counts has been shown t o  cause several  varie- 
es of diseases. The bac ter ia l  loadings found by Sscrtor, Boyd, and 
a re  shown i n  Table 2. 
Total co l i f oms  were found t o  be higher i n  i ndus t r i a l  areas than 
commercial areas  by Sar tor  and Boyd. Residential  areas had t he  lowest 
t o t a l  coliform loadings. The quant i t ies  of c b l i f o m  bacter ia  contained 
i n  urban runoff has not been sa t i s fac to r i ly  determined. Several f ac to r s  
may affect  the concentrations of bacteria. These w i l l  be discussed 
l a t e r .  The co l i fom leve l s  i n  receiving waters a l so  cannot be esti- 
mated using the references s i t e d  as a basis. Coliforms usually d i e  off 
. quickly when they a re  introduced l n t o  receiving waters. 
Precipitat ion has been discussed e a r l i e r  i n  this paper. The 
quali ty of rainfall var ies  from one location t o  the  next. Kluesener and 
y e s i d e n t i a l  runoff seem t o  originate from rainfall i t se l f . J J  f i e c i -  
1 pitat ion w i l l  contribute varying amounts of "pollutants," which occur 
m u &  natural  orocesses. These amounts demnd uoon manv fac to rs  
1 and may vary greatly. 
1 the ground surface. Leaching of the vegetation. therefore. does not 
NThere are  many fac tors  affecting the amounts of pollutants in- 
isociated w i t h  urban areas.. These are  commercial. res ident ia l  and in- 
I dustrial .  These land uses . are demonstrated i n  Fiarurn 1 . A tsi dn va* s.- 
higher loadings of s t r e e t  surface contaminants than others. This pro- 
bably is  because they a re  not swept as frequently and production of 
pollutants is high. On the other hand, commercial areas have the  lowest 
Commercial 
Park Land 
M /- 
Indus t r i a l  
Residential 
r- lg .  1. Land Use Classifications 
loadings of s t r e e t  contaminants. They a m  swept much more than other 
-. .- 
A 
areas. The pract ice  of s t r e e t  sweeping, mainly its frequency and how 
good a job is done, grea t ly  affects the  amounts of contaminants on the 
s t r ee t s .  A basic problem with street sweeping, is the  presence of 
pazked cars. W i t h  vehicles parked along t he  streets, the gu t t e r s  and 
a large portion of the s t r e e t  cannot be swept. This adds t o  t he  quan- 
t i t i e s  of pol lutants  on the s t r e e t  surfaces. S t r e e t  cleaning e f f o r t s  
required t o  achieve a greater  removal effectiveness of t he  dust and 
d i r t  f r ac t ion  of s t r e e t  surface contaminants is severa l  times the  e f fo r t  
normally expended i n  sweeping operations. 36 
The volume and type of t r a f f i c  moving over t he  s t r e e t s  has an 
ef fec t  on the contaminants present also.  Much more contaminants will 
be present on crowded c i t y  s t r e e t s  than rural roads. Heavy metal con- 
centrations are especially high as can be seen i n  Table 2. The material 
a s t r e e t  is constructed of is also important. Different materiah im- 
par t  varied surface character is t ics  t o  t he  s t r e e t .  Sar tor ,  Boyd, and 
? found t h a t  asphalt surfaces had loadings up t o  80 percent more 
than concrete surfaces. The physical condition of the  s t r e e t  surfaces 
is also important. Poor surfaces generally have higher contaminant 
loadings than good s t r e e t  surfaces. The time of year a l so  has a ro l e  
i n  the  amounts of s t r e e t  surface contaminants' present. I n  northern 
1% areas road s a l t  and other chemicals may be u t i l i e e d  as needed. These 
t, also  en te r  in to  the s t o m  water runoff. Other fac tors  associated with 
. quant i t ies  present a re  the amounts and previous occurrences of past  
rainfall, public works department prac t ices  and quant i t ies  of a ir  ~ 0 1 1 ~ -  
t ion  fa l lou t .  
22 
An in teres t ing  f a c t  noted by SklTtor and ~ o ~ d ~ ~  is t h a t  a large 
_. - - 
ar t ion of the pol lutants  present were concentrated i n  the fine so l ids  
he s t r e e t  surface contaminants. Further, these f i n e s  account f o r  
l y  a minor portion of the t o t a l  loading on street surfaces. 39 I n  
other words, the  f i n e  so l ids  were a minor portion of t he  t o t a l  volume of 
so l ids  present. This presents a major problem t o  the  public works direc- 
tor .  If he i s  t o  decrease the  quant i t ies  of pol lu tants  present on the  
s t r e e t  surfaces, he must remove these f i n e  sol ids .  Howe~er, i n  order 
t o  do t ha t ,  a much greater  e f f o r t  must 'be expended. Conventional street 
cleaning techniques remove only a small percentage of these f i n e  materials. 
New techniques w i l l  have t o  be developed o r  ex is t ing  techniques improved 
upon. Catch basins were found t o  r e t a i n  only l a rge  debris  and coarse 
grained solids.  Fine so l ids  and most organic matter i s  allowed t o  pass 
through by the  catch basins. Improved designs t o  entrap these parti- 
cles  may be one solution t o  the  pollution of t he  receiving watem. The 
most promising solution appears t o  be renovating street cleaning tech- 
niques t o  remove pollutant materials. 
Florida Storm Water Qual i ty  
Florida receives an average annual rainfall of approximately 52 
inches per year. This rainfall produces storm water runoff which is af- 
fected by a l l  of the  factors  discussed previously. The quant i t ies  of 
t an t s  contained i n  t h i s  runoff have been studied. One study is 
4.0 done by Florida Technological University f o r  the  Flor ida D e p a r t -  
of Pollution Control. The loading r a t e s  of d i f fe ren t  pol lutants  
ed by the Untversity f o r  vazious land uses are given i n  Table 6. 
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Urban land uses were found t o  have the  highest loadings of BOD 
_ - -. 
and phosphorus. Urban land use had the  t h i r d  highest loadings of nitro- 
gen and the second highest loadings of suspended solids.  Cultivated 
land was found t o  have the  highest suspended sol ids  loadings, almost 
three times as great  as the  urban land. Cultivated land also had the 
highest nitrogen loadings, with c i t r u s  land having the second highest. 
It should be noted t h a t  the BOD loading of urban land was more 5 
than four times as great as t h a t  of cult ivated land. The phosphorus 
loadings of urban land a lso  were about'twice as great  as t h a t  of the  
cultivated land. O f  course, i t c a n  be seen t h a t  the  more involved man 
is with a land area the higher the  pollutant loadings. Woodlands have 
the lowest loadings f o r  a l l  of the pollutants except nitrogen. The only 
area having a lower loading f o r  nitrogen is the  atmospheric. 
Another study t h a t  was published i n  December of 1974 was by 
A .  G. L a ~ n o n d s . ~ ~  T h i s  study was done over a two year period from 1971 
Lough 1973. The storm water runoff entering Lake Dicie i n  Eustis,  
Florida, is  primarily from the  Southeastern urban area of Eustis.  This 
ca l  urban area consisting of s t r ee t s ,  roofs,  parking l o t s  and 
other impervious areas. The qual i ty  of the  s t o m  water runoff was found 
.depending upon the  rainfall in tens i ty ,  antecedent dry period, 
amount of rainfall. 
The lake quali ty and runoff qual i ty  were both sampled throughout 
the study. One of the most obvious differences between the  qual i ty  of 
a d  the quali ty of the  lake was i n  the phosphorus concentration. 43 
The average concentration of phosphorus i n  the  runoff was over eight times 
as much as the phosphorus concentration i n  th6 Lake. Table 7 i l l u s t r a t e s  
CHEMICAL AND PHYSICAL 
LAKE D I C E  AND 
- - -  
* Concentrations i n  mg/l 
)HC Averages of a l l  samples taken from A p r i l  1971 through A p r i l  
1973 
Urban Stormwater 
R u n o f P  
8.0 
0 
20.0 
40.0 
56.0 
2.32 
0.26 
32.0 
16.0 
7.2 
99.0 
24.0 
65.0 
Constituent 
Arsenic 
Chromium, dissolved 
Copper, dissolved 
Iron,  dissolved 
Lead, dissolved 
Total Nitrogen as N 
Total Phosphorus as P 
Total Organic Carbon 
O i l  and Grease 
Biochemical Oxygen Demand 
Suspended Solids 
Turbidity (JTU) 
Color 
Lake Dicie- 
5.0 
0 
10.0 
10.0 
1.0 
1.47 
0.03 
10.0 
10.0 
3.6 
----- 
10.0 
10.0 
some of the  chemical and physicaL.pamneters of t he  Lake and the  s t o m  
water runoff. A significant difference can be noticed between the  bJre 
and runoff qua l i t i e s  f o r  d i f ferent  constituents. The i ron ,  lead, t o t a l  
phosphorus and t o t a l  organic carbon concentrations of the  runoff we 
several times t h a t  of the  Lake. 
The Lake bottom sediments adsorb much of t he  pol lutants  i n  the 
runoff. The question remains, however, what quan t i t i e s  are adsorbed by 
the sediments and what quant i t ies  a r e  u t i l i z ed  by various aquatic plants? 
More than l i ke ly ,  varying amounts of the  nu t r i en t s  are u t i l i z e d  by the 
aquatic environment, enhancing eutrophication and aging of t he  Lake. 
The quant i t ies  of pol lutants  entering any lake depends on the  quanti ty 
of s t o n  water runoff available t o  t h a t  lake. This runoff can vary 
great ly  i n  quanti ty and there  a re  s e v e r d  methods of estimating t h i s  
quantity. 
From the data given i n  Table 7, loading rates in terms of kg/ha/yr 
can be calculated f o r  t he  various constituents. Table 8 i l l u s t r a t e s  
these s t o m  flow loadings f o r  the urban storm water runoff. These 
loading rates when compared with those i n  Table 6 aze reasonable. BOD5 
and nitrogen a re  higher at  Eus t i s  and suspended so l i d s  a r e  lower. 
STORM FIOW IOADINGS OF NImGEN, PHOSPHORUS, 
BODr; AND SUSPENDED S O U D S  FOR URBAN 
BOD, 
Constituent 
Nitrogen 
badin@ (kg/ha/~r) 
u - 7 % T B a s e d  on an average rainfall of 52 inches/ &#$&, 7rP,, 
ITEXHODS FOR DETERMINING 
STORMWATER RUNOF'F 
Background 
Urban storm drainage system design has been based, i n  the  pas t ,  
upon empirical methods, experience, and engineering intui t ion.  However, 
with costs of labor and ma te r id s  increasing s teadi ly,  it has become a 
necessity t o  u t i l i z e  be t t e r  methods of design. Public concern and the  
need f o r  stormwater pollution control have stimulated much reseasch in- 
t e res t  i n  the area of urban hydrology i n  recent years. 45 Because of 
t h i s ,  many new methods have been developed i n  recent years f o r  the  de- 
sign engineer. 
. 1 
Since the turn of the  century, methods f o r  determining runoff 
have been many i n  number. Recently, new techniques u t i l i e ing  mathemati- 
c a l  model simulations have been appearing. Simulation models t o  des- 
cribe and predict  the quantity and qual i ty  character is t ics  of stomwater 
---4 
, 
runoff more adequately. These methods formulate the hydraulic and 
quality relationships be t t e r  and thus save costs  associated with storm- 
. - 
water systems design and protect  the  environment. Old methods usually 
foretold only very extreme runoff events and therefore cause systems t o  
I 
. i 
be overdesigned. The question is which method o r  model should the en- 
gineer depend o r  base his designs ppon? That, of course, w i l l  vary de- 
I 
pending upon the economic and socia l  fac tors  with which he is working. 
Rational Method 
_ _  .- -. 
Empirical formulas axe the  o ldes t  and still most universally 
usedmethods f o r  -off calculations.  The "rational" method is 
still the most widely used technique. It was developed i n i t i a l l y  i n  
the United Sta tes  i n  1889 by Kuichling. While some improvement i n  the  
method has been accomplished the procedure is still basical ly  the same 
a s  tha t  presented by Kuichling. 46 - The ra t iona l  method formula is: , 
Q = C i A  (1) 
where: Q = peak runoff r a t e  i n  cubic feet per  second (cf s) 
C = a dimensionless runoff coeff ic ient  
i = average rainfall in tens i ty  i n  inches per  horn (in/hr) 
A = drainage area (acres) 
The runoff coefficient ,  "C, " is difficult t o  obtain as it accumulates 
several character is t ics  of the drainage area. These include infiltra- 
t ion  ra tes ,  ground cover and slope, surface retent ion and the  length of 
the antecedent dry period. Various values of the  runoff coeff ic ient ,  
"C," can be seen i n  Table 9 .  
C1 The f a c t  t ha t  the  r a t iona l  method is based on three assumptions 
should be mentioned. These assumptions consis t  of: 48 
I. The peak r a t e  of runoff a t  any point is a d i rec t  function 
of the  average rainfall i n t ens i t y  during the time of con- 
centration t o  t ha t  point. 
2. The frequency of the peak discharge is the same as the 
frequency of the  average =infa11 intensi ty .  
3. The time of concentration is the time required f o r  the 
runoff t o  become established and flow from the  most re- 
mote part of the drainage area t o  the  point  under design. 
The ra t ional  method is usually l imited t o  small urban drainage bsins, 
l e s s  than f i v e  square miles. If applied t o  la rge  areas, surface retent ion 
TABU3 9 
I t  ,147 TYPICAL VALUES OF THE _RUNOFF COEFFICIENT C 
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Description of Area 
Business 
Downtown 
Neighborhood 
Residential  
Single Family 
Multi-units , detached 
Multi-units , attached 
Residential  (suburban) 
Apartment 
Indus t r i a l  
Light 
Heavy 
Parks, cemetries 
Playgrounds 
Railroad yard 
Unimproved 
Runoff Coefficients 
0.70 t o  0.95 
0.50 t o  0.70 
0.30 t o  0.50 
0.40 t o  0.60 
0.60 t o  0.75 
0.25 t o  0.40 
0.50 t o  0.70 
0.50 t o  0.80 
0.60 t o  0.90 
0.10 t o  0.25 
0.20 t o  0.35 
0.20 t o  0.35 
0.10 t o  0.30 
Character of Surface 
Pz-vement 
Asphaltic and Concrete 
Brick 
Roofs 
Lawns, sandy s o i l  
F l a t ,  2 percent 
Average, 2 t o  7 percent 
Lawns, heavy s o i l  
F l a t ,  2 percent 
Average, 2 t o  7 percent 
Steep, 7 percent 
Runoff Coefficients 
0.70 t o  0.95 
0.70 t o  0.85 
0.75 t o  0.95 
0.05 t o  0.10 
0.10 t o  0.15 
0.13 t o  0.17 
0.18 t o  0.22 
0.25 t o  0.35 
and groundwater seepage cause the r a t iona l  method t o  overestimate the 
.. - 
quantity of =off. With e q e r i e n c e  and a knowledge of the  area,  the  
rational method can provide a useful  design technique f o r  the  engineer. 
Unit Hydromaph 
The second method is known as the  un i t  hydrograph. The basic 
theory of the  unit hydrograph appears t o  have been suggested first by 
Folse (1929) . 49 I n  1932, ~ h e r n a n ~ ~  provided the basic theory and con- 
cept of the  u n i t  hydrograph method. The method which Sherman conceived 
has become one of the  most overwhelmingly received techniques i n  use 
today f o r  the  determination of the  runoff hydrograph from the  e f fec t ive  
ra infa l l .  The concepts of the  uni t  hydrograph a re  as follows f o r  a 
given drainage area   organ and ~ohnson) :51 
1. The time base of surface-runoff hydrographs resu l t ing  
from s i m i l a r  storms of equal duration are  the  same re- 
gardless of the  in tens i ty  of r a in fa l l .  
2. The ordinates of the  surface-runoff hydrographs from 
s i m i l a r  storms of equal duration are  proportional t o  
the  volume of surface runoff. 
3. The time d is t r ibut ion  of surface runoff from a p a r t i -  
cu la r  storm period is  independent of t h a t  produced 
by any other  storm period. 
The observation should be made t h a t  the  unit hydrograph assumes 
that  the runoff hydrograph from one inch of effect ive rainfall, which is  
produced uniformly over the  drainage area i n  a uni t  time period i s  a 
characterist ic of the  drainage area. Horner and ~ 1 y n - t ~ ~  i n  1936 were 
first t o  report  the  application of the  uni t  hydrograph method t o  urban 
Sewer systems. The Corps of Ehgineers used the theory extensively i n  
the 1940's and ea r ly  1950 ' s .  To develop a uni t  hydrograph f o r  an urban 
basin, observations must be made of the actual  r a i n f a l l  and runoff. The 
unit  hydrograph technique is useful i n  predicting flood flows and flood 
_ _ _  .---- - 
crests  during storms. The unit hydrograph is a lso  not l imited t o  the  
--,,- . E;; finding of the peak flow alone but yields the  complete hydrograph resul t -  
2;:;t 
ing from a storm. Very useful r e s u l t s  a re  obtained from short  records 
on rainfall data. 
~ a ~ l e s o n , ~ ~  i n  1962, applied the  un i t  hydrograph concept t o  
several small urban basins i n  Louisville, Kentucky. The data f o r  his 
studies were or iginal ly obtained by the Corps of Engineers i n  the l a t e  
1940's. H i s  analysis correlated the  peak discharge and l ag  time of the 
unit hydrograph t o  the  drainage area charactefist ics.  ~nydelS(I. developed 
a synthetic uni t  hydrograph method which has been u t i l i zed  extensively. 
A synthetic uni t  hydmgraph is not based upon data taken at the  loca- 
tion being studied. Instead many u n i t  hydrographs f o r  similar azeas 
would be used t o  develop a synthetic uni t  hydrograph. 
O f  the two methods discussed so far, some drawbacks t o  t h e i r  use 
has been found, These f a u l t s  were proposed. by ~ a t k i n s ~ ~  (1962) a f t e r  
evaluating 286 storms on 12 drainage axeas i n  England. H i s  findings 
were tha t  "the ra t ional  method is unsatisfactory f o r  a l l  but the  smallest 
areas. " For sewer systems with pipes la rger  than 24 inches in diameter, 
intolerable er rors  arose. A s  f o r  the unit hydrograph method, h i s  state- 
ments were t o  the effect  t h a t  .it was "unsuitable i n  the design of urban 
sewer systems owing t o  the  d i f f i cu l ty  of determining the shapes of the 
unit hydrographs." 
RRL Method 
~ a t k i n s ~ ~  developed, i n  1962, what is known as the Road Research 
U r a t o r y  method. This method works with on ly  the impervious aseas of 
33 
a drainage basin t h a t  are connected t o  the  storm sewer system. The r e s t  
- 
-. 
of the drainage basin area is ignored. The RRL method i s  based upon the  
uni t  hydrograph method but assumes t h a t  any pervious a reas  do not produce 
-off. But impervious areas  a r e  j u s t  t h a t ,  1 0 ~  impervious; all storm- 
water is runoff. The RRL method achieves a runoff hydrograph which is  
named the v i r t u a l l y  runoff hydrograph. Good r e s u l t s  have been reached 
using the RRL method ( ~ e r s t r i e ~  and stall) . 57 The RRL method can be ap- 
plied t o  drainage basins before urbanization takes  place. An example 
of a uni t  hydrograph can be found i n  F i w e  2. A comparison of a hydro- 
graph of an urban area with a r u r a l  area is i n  Figure 3. 
Other Methods 
Several other  methods f o r  determining stormwater runoff have been 
developed. A few a r e  based on extensive hydrologic s tudies  of spec i f ic  
areas. The Chicago Hydrograph Method, developed i n  1960, is one of 
these methods. A detai led explanation of the  use of this method is 
given by A .  La Tholin and C. J. ~ e i f  e r a  58 A synopsis of the  method and 
a comparison of ac tua l  and computed runoffs i s  given by S .  W .  Jens and 
M. B. ~ c ~ h e r s o n .  59 Wide ranges of similar land uses were studied and 
the i r  various charac ter i s t ics  tabulated. A u n i t  area  of t en  acres  was 
typically used f o r  the  hydr0-h analysis.  A rainfall hyetograph i s  
selected and applied t o  a t e s t  area. Based upon the charac ter i s t ics  
of the area a sewer flow hydrograph is developed and routed through the 
t e s t  area sewer system. A weak point  of this method i s  the  assumption 
of the routing time as being eight  minutes. The work done, using a basin 
in Chicago, can be applied t o  other  urban areas  which have the  same 
similar factors  such as land use, rainfall, topography and s o i l  conditions. 
Unit Hydrograph 
Time Uni t s  
Fig. 2. Unit Hydrograph 
Fig. 3. Comparison of Urban and R u r a l  Runoff Hydrographs 
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the I n l e t  method. This method was or ig ina l ly  studied a t  the  John Hopuns 
36 
Another method developed i n  the  l a t e  1950's and ear ly  1960gs is 
) University and the New Mexico S ta te  University. The Inlet method was 
developed fur ther  by ~ a l t e n b a c h ~ ~  i n  1963 The first s t ep  is the  de- 
b 
1 
I 
t e a n a t i o n  of the  peak runoff r a t e  t o  each i n l e t  i n  the  storm sewer 
system. This is accomplished through the  use of the ra t iona l  formula. 
These i n l e t  hydrographs are t r iangular  i n  shape and assumed t o  have a 
&I@-+<$ -; 
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height of the peak runoff rate and a base of twice the  time from the  be- 
ginning of heavy r a i n f a l l  t o  the  end of the  m a x i m u m  rainfall intensi ty .  
peak flow, which consis ts  of the sum of the  i n l e t  hydrographs 
i n  tha t  subarea, is modeled as flowing down its respective sewer pipe. 
The t o t a l  number of subarea peak'flows a re  then summed t o  form the  t o t a l  
flow a t  the .. - ,  point  i n  question. This is the t o t a l  h y d r o ~ p h  f o r  
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b a e  design point. The method yields  be t t e r  r e su l t s  when applied i n  im- 
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61 pervious areas. The ranges of land s i z e  and use t o  which t h i s  method 
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be applied have not ye t  been detelrnined completely. But, the extent 
its use has been suggested l imited t o  i n l e t  subarea of three acres  o r  
d t o t a l  drainage areas  of one square mile o r  less .  Limitations of 
imperviousness over a range of 303& t o  6@ a re  a lso  imposed. 
The c i t y  of Los Angeles, California, has been using a hydrograph 
method f o r  the  computation of runoff f o r  approximately t h i r t y  years. 
T h i s  method, cal led t he  Los Angeles Hydrograph Method, was i n i t i a l l y  
developed by W. I. ~ i c k s ~ ~  i n  1944. The method is  based upon experimen- 
tal work done i n  the  area on s o i l  i n f i l t r a t i o n  r a t e s  and overland flow 
rates over various s o i l s  i n  the  azea with d i f ferent  slopes. The method 
I!,' r- ,1, 1 
. .-, 
is used by some areas adjacent t o  Los Angeles, but is  hardly applicable 
I 
t o  other sections of the United Sta tes ,  unless the  s o i l  types and 
_ _ _  .--- -. 
ther  factors,  which the -method is based upon, correspond exactly. The 
echniques used t o  develop the Los h g e l e s  method could be used by other 
..'b 
5; 
ble today, this type of large sca le  undertaking would be un-ted. 
d flow. This method was developed by C. F. ~ e e a r d ~ ~  i n  1946. Results 
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of t h i s  method do agree with those obta*ed by other methods. Work has 
en done on other areas, including Baltimore, St.  Louis, Houston, and 
did extensive work i n  I l l i n o i s  in the  ear ly  1960 Ps. 
< ;:;.: > .  ,'.:'I":' , - - -J.+~&~.rLi;:"-v;~- 
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He formulated a method f o r  de%edning the  runoff hydrograph f r o m  the 
=i&!y,.-,y- ,X.? :
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unit hydrograph. The l i t e r a tu r e  contains other methods which w i l l  not 
be reviewed i n  t h i s  paper. 
Mathematical Models f o r  Urban 
Stormwater Simulation 
Until recent years, the  methods discussed e a r l i e r  were the tools  
t i l i zed  i n  the design and analysis of urban stomwater systems. With 
of the computer age, new methods were bmught out f o r  these 
The methods were mathematical simulations using computers f o r  
the design and analysis of urban stomwater systems. Several of the 
more prominent mathematical models w i l l  be discussed. The discussion 
w i l l  include the Envimnmental Protection Agency Storm Water Management 
Model, a model used f o r  analysis i n  t h i s  report.  
There are  mathematical models available which w i l l  handle any o r  
d l  factors associated with catchment runoff, water quali ty,  flow routing, 
38 
These models differ  great ly i n  many aspects 
the  system-'which can be handled, input data required, 
.~~g~~gggg;k~$g~~~:g~$;&p~g~~~;.~$~~~~g$g;~~&+=;~$ 
. The use of a par t icular  model will depend heavily 
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upon the s ize  and character is t ics  of the  system t o  be simulated. Care 
nust be taken also in the  usage of pa r t i cu la r  models. Some of the models 
have been tested and v e e i e d  with actual  and eqerimental  data t o  a 
great extent. Others have been developed but not ye t  ver if ied,  and some 
ve not been applied t o  exis t ing systems at  this time. Accordingly, 
the ways and means of t e s t ing  and ver i f ica t ion  of the models has also 
varied widely. This is because no standards o r  c r i t e r i a  f o r  evduat ing  
the models are  currently i n  existence. h e  of the e a r l i e s t  models de- 
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veloped was the Br i t i sh  Road Research Laboratory Model. 
Road Research Laboratory Model 
The computer model termed the Road Research ~abo ra to ry  Model 
was formulated from the  Road Research Laboratory method. The model was 
developed i n  1963 a f t e r  initial work was performed by ~ a t k i n s ~ ~  i n  1962. 
The RRL model computes surface runoff from individual storms. It does 
not feature any water qual i ty  output, realtime control o r  design para- 
meters. In  addition, pervious areas a r e  ignored and only runoff from 
impervious areas is computed by the RRL model. Manning's equation is 
used extensively i n  flow computations. 
Some advantages of the model is t h a t  a minimum amount of input 
data i s  required and it has been tes ted  extensively. For small urban 
. basins, with a storm frequency of l e s s  than 20 years, good results can 
be ob-tained. It provides a reasonably accurate model f o r  the computa- 
tion of surface runoff f r o m  the impervious areas of an urban drainage 
system. The program is writ ten i n  Fortran IV and can be run on an IBM 
-. .- 
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360. The model was operational i n  the  ea r ly  1960's. An excellent  evalu- 
ation of the  RRL method applied t o  the  various drainage basins i n  the  
u.S. is provided by Ters t r iep and S t a l l .  66 
Stanford Watershed Model' 
The Stanford watershed model was one of the  first extensive 
mathematical models of drainage basins. The model was developed by 
Crawford and ItinsleY6? i n  1966 a t  Stanford University. It was the  first 
model t o  be based on physical concepts such as i n f i l t r a t i o n  rates and 
s o i l  conditions. The or ig ina l  model has been updated and i s  now known 
as the Hydrocomp Simulation Program. Another program dealing with water 
quality has since been developed and is  now p a r t  of the  hydrologic pro- 
m. The qual i ty  program simulates seventeen water qua l i ty  parameters 
including t h e i r  in te r re la t ionships  i n  receiving waters. The model can 
be used t o  simulate urban and rural azeas, i . e . ,  sewered and nonsewered. 
When an area of la rge  s i z e  is modeled assumptions have t o  be made about 
specific loca l  conditions. One assumption made concerning i n f i l t r a t i o n  
is tha t  it is a l i n e a r  relat ionship.  The Stanford Watershed Model re-  
cognizes t h i s  by assuming a l i n e ~  var ia t ion of i n f i l t r a t i o n  r a t e  as 
precipitation continues. 68 
Input data  required f o r  the  model a re  qu i t e  extensive. h e c i p i -  
tat ion records and other  meteorological data a r e  needed as well as dry 
weather flow and qual i ty  data. Physical data on the  sewer system a n d i t s  
elements a re  a l so  required as axe several  empirical coefficients.  The 
model does not handle any wastewater treatment, cost  calculations,  design 
Or realtime control.  The model was developed o r ig ina l ly  f o r  rural areas 
and then modified t o  handle urban basins u s o .  One advantage is the  
-.- - 
ab i l i ty  t o  simulate water flow* and q u a u t y  continuously i n  ra the r  com- 
plex networks. Program output consists of s o i l  moisture data, water 
velocities, discharges and qual i ty  f o r  the  various channel and storage 
elements, and a l so  volumes of storage. 69 
Testing of the  hydrologic portion of the model has been f a i r l y  
extensive. This portion of the  model has been applied t o  urban and non- 
urban drainage areas. The water qual i ty  section of the model has not 
been thoroughly tes ted  yet. The program is written i n  PL/I language and 
can be run on e i t he r  of IBM's 360 o r  370 computers. 
University of Cincinnati Urban 
Runoff Model 
This mathematical model was developed i n  1970 by Papadakis and 
Preule70 The UCUR model consis ts  of: 
1. i n f i l t r a t i o n  
2. surface retention 
3. overland flow 
4. gu t te r  flow 
5 .  routing through the sewer system 
With these f ive  subnodels, a complete system can be simulated. Input 
data required are  mainly physical describing the drainage basin and the 
sewer system. Only one rainfall hyetograph can be input a t  once f o r  
the drainage basin. The model has been simplified t o  the extent t h a t  
its accuracy and a m c a t i o n s  seem t o  be affected.?' Further t e s t i ng  
may tend t o  prove t h i s  one way o r  another. Testing done by the model 
developers has yieldgd good resul ts .  These t e s t s  were done on a small 
I 
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k I and large drainage area. Others u t i l i z ing  the  model have reported large 
vasiations between actual  runoff '- &d computed runoff . 
Some of the assumptions which have been incorporated i n t o  the  
model are: 
1. rainfall is uniform over t he  en t i re  area 
2. d r y  weather flows a re  neglected 
3. i n f i l t r a t i o n  is  calculated from rainfall instead of 
overland flow depth 
4. drainage area moisture conditions a re  not used in 
the  calculation of i n f i l t r a t i o n  
, - 
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,;., The model tends t o  produce higher peak flows than those computed by other ;: >-,5 
Water quali ty,  realtime control and design are not fea tures  
e models. The program is written i n  Fortran I V  f o r  an IEPI 360. 
consists mainly of runoff discharges at  points i n  the  system 
ed by the user. 
Massachusetts I n s t i t u t e  of Technology 
Urban Watershed Model 
This model is similar t o  the  University of Cincinnati model i n  
e runoff of several catchments and a converging sewer and open 
%-' ,kPL1 
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fr. ,? e l  network i s  simulated. The MIT model computes the least-cost 
,;4$ t: ; 
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$;combination of sewers, storage and treatment f a c i l i t i e s  required t o  $6 f 
,*.- 4- 
$,$solution based on a least-cost  decision; l i nea r  programming is used t o  
s 
this solution. Another exceptional feature i s  the capabili ty 
of the user t o  choose between four methods f o r  the calculation of m- 
offa Most1 models use only one method. These four methods are: 
1. Hortongs equation 
3. a. U.S. So i l  Conservation Service method 
4. a runoff coefficient method 
. I 
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Data input consists of the Lsual rainfhl  'hyebgraph and physi- 
cal data describing the  various catchments. The use of the model could 
prove to  be d i f f i cu l t .  Model documentation is scattered through several 
project reports and a d ra f t  user's manual was not released. 73 Resource 
Analysis, Inc . , of Cambridge, Massachusetts, has u t i l i zed  the model 
and could possibly provide fur ther  information. The program was 
written f o r  an IBM 360/67 computer. 
Computer output consists of rainfall data, overland, catchment 
and channel discharge and depth. When the design option is used, the 
volume and duration of flooding f o r  each sewer, along with the asso- 
ciated costs and s izes  f o r  the  sewers, storage basins and treatment 
fac i l i t i e s  is outputed. Testing was done on a d l  23 acre basin i n  
Maryland and good r e s U t s  were obtained. Computed and actual runoff 
valves compared reasonably well. Additional t e s t ing  on the design/ 
cost option i s  beirg done. One important asse t  of the model is tha t  
it is based on physical principles, assumptions and a p p m m t i o n s  
were held t o  a minimum. 
University of I l l i n o i s  Storm Sewer 
System Simulation Model 
This mathematical simulation model deals w i t h  the computation 
!.-@of nonsteady flows based upon the dynamic wave equations. This model 
differs from the  previous models discussed i n  that inflow hydrographs 
i t o  the sewers m e  needed f o r  data input. The model does not consider 
t 
water quality, costs  o r  rea l the-cent ro l .  Since inflow hydrographs are 
used, dry weather flows f r o m  land use o r  runoff from rainfa l l  data are  
computed. The model is still being developed with a suhnodel dealing 
with urban hydrology now underway. 
One disadvantage of the model is the computer time required t o  
run it. Continuous simulation is  available but the cost is quite high. 
The simulation is usually res t r i c ted  t o  single design events. The model 
has not yet been tes ted  o r  applied t o  real data o r  systems. Initial 
testing done with exgerimental data produced very accurate resul ts .  If 
and when the complete model is available, it w i l l  be one of the more ac- 
curate models available. 
Computer output consists of inflow hydrograph plots ,  depth and 
discharge plots ,  and sewer diameters from the  design option. The pro- 
gram i s  written ili PL/I, f o r  the use of an IBM 360/75 computer system. 
A model developed by a French consulting f i r m  known as SOGREAH 
(~oc i e t e  Grenobloise d8Etudes e t  d 'Application ~ ~ d r a u l i c s )  is based on 
a r iver  basin model developed easl ler .  This model simulates the runoff 
of combined sewage systems of several catchments and a sewer and open 
channel system. The model is quite extensive, modeling the  hydraulics 
of most elements found i n  closed conduit and open channel networks. 
Pollution pmameters were recently added but realtime control, design 
and cost fac tors  are not included. The creation of runoff from pre- 
cipitation is limited t o  single precipitation events. The flow routing 
submodel can be used fo r  continuous simulation. Dynamic wave equations 
are uti l ized f o r  flow routing i n  the various systems. 
''.:~-~: \;,? u 5, ,,; .. ' 
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Input data consists o rphys ica l  catchment daza and dry weather 
flow. The model does not include a provision t o  input rainfall data 
but computes design rainfall excess hyetographs of specified frequency 
f o r  each catchment using formulas developed by Caquot. 74 b e  serious 
limitation of applying the model t o  other axeas is t h a t  these formulas 
require ten empirical coefficients. The formulas ase therefore based 
on French hydrologic data. Another problem is the amount of computer 
time required f o r  the  flow routing computations. A dif ferent  method 
of computing runoff hydrographs would also be more suitable. 
A s  was s ta ted  before, the model routing subroutine is based on 
a river basin model developed previously. The r i ve r  basin model w a s  
verified sa t i s fac to r i ly  earrlier and the sewer model was therefore not 
verified with urban data. The man program is made up of f i ve  subpro- 
I grams written i n  Fortran IV. An IBM 360/65 o r  equivalent system is 
necessasy t o  run the model. Program output consists of t a b l e s  and plots  
of water depth, velocity and discharge at  each specified point. The 
program u t i l i z e s  metric un i t s  fo r  input and output. 
S.T.O.R.M. 
The Corps of Engineers has developed a Storage, Treatment, and 
Overflow Model, commonly known as STORM. The models main purpose was 
t o  evaluate the stormwater storage and treatment required t o  meet spe- 
cif ic  limits. The model does not u t i l i z e  a sewer o r  channel network 
in  its program. A l l  calculations are based upon the  en t i re  drainage 
area. The hourly stomwater runoff and its quality can be simulated f o r  
several years f o r  one drainage basin. 
The runoff i s  computed from hourly precipitation Other 
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input data consists of the  physica;l - catchment data description and run- 
off coefficients. The coefficients used i n  qual i ty  calculations are 
contained internal ly i n  the  program. Five different  water qua,lity para- 
meters are calculated - biochemical oxygen demand, nitrogen, phosphorus, 
suspended and se t t i ab le  solids.  These qual i ty  parameters depend upon 
several factors ,  such as s t r e e t  sweeping methods and the  number of days 
between storms. The starage suhnodel does not modify the water qual i ty  
during storage. 
Verification of the  model i s  still  under way and application t o  
several drainage basins has been accomplished. The accuracy of the  
model has not been determined. The model does not consider cost,  dry- 
weather flow o r  quality of the dry-weather flow. Therefore, its am- 
cation is  limited t o  stormwater drainage systems. Output of the  pro- 
' gram consists of the overflow, storage and treatment f low volumes, and 
the quality data f o r  each storm. Input precipitation data is also 
printed. The program i s  written in Fortran I V  f o r  a UNIVAC 1108 o r  
equivalent system. 
Water Resources Endneers. Inca Storm 
Water Ma,na,gement Model 
Water Resources Engineers, Inc., has developed a modified ver- 
sion of the EPAas S tom Water Management Model. This model computes 
' dry-weather and stormwater qual i ty  f o r  twenty-three parameters, includ- 
ing o i l  and grease. The model is capable of simulating the runoff from 
several catchments and the  disposal network, The dynamic wave equa- 
tions form the basis f o r  the flow routing. 
Input data consists of precipitation data, physicd  catchment 
data and runoff coefficients. Dry-weather flow ra t e s  and q u a u t y  must 
I 
also be input. The water quality.-.-is routed through the sewer system by 
pure advection. The model is very extensive as it considers sewer 
system flow routing and qua3ity routing. One of its disadvantages is 
the amount of computer time required f o r  running. Since the model is 
very comprehensive, it requires long computer run times. 
The model was tested on small and laxge drainage axeas. Good 
results were obtained w i t h  actua.l and computed runoff values correlat- 
ing f a i r l y  well. Water quality computations were i n  the correct range, 
but further verif icat ion of quality is needed. Program output includes 
plots of water depth, discharge and q U t y  f o r  the subcatchments, system 
outfall, and specified sewer system points. The. program has three main 
subprograms and can be used on an IBM 360/65. The model does not in- 
clude realtime control, design and cost computations. 75 1t is also 
limited t o  the simulatian of individual runoff events. 
Environmental Protection Agency 
Stormwater Mananement Model 
The Environmental Protection Agency Stormwater Management Model 
is  one of the most comprehensive models t o  date. The model was developed 
by Metcalf and Eddy, Inc. , the University of Florida and Water Resources 
Engineers, Inc. Originally developed i n  1971, the model has been up- 
dated since then. Four volumtas were published on the model. These were: 
1. Volume I - Final Report 76 
2. Volume 2 - Verification and Testing 77 
3. Volume 3 - Userts Manual 78 
4. Volume 4 - Program Listing 79 
In 1975, an updated Volume 3 was made available by EPA. This updated 
version contains several new and~different  concepts. One new aspect 
is the addition of another program block. This is the combine block 
can be used t o  combine and/or col la te  the  output of the other 
blocks. The model now consists of s i x  main program blocks - executive, 
combine, runoff , transport ,  storage, and receiving. The capabili ty of 
running any o r  a l l  of these blocks exists .  
Demonstration and verif icat ion runs on selected catchments, 
varying i n  s ize from 180 t o  5,400 acres i n  four  U.S. c i t i e s  (approxi- 
mately 20 storm events, t o t a l )  were used t o  t e s t  and verify the model. 80 
The model has been tes ted  and good r e su l t s  were obtdned f o r  the =off 
and f l o w  computations. The water qual i ty  calculations have not been 
proven accurate a t  this time. Input data required t o  run the complete 
program is  quite extensive. 
The input data consists of physical description data of the 
subcatchments, sewer system and land uses. Precipitation data i n  the 
form of r a in fa l l  hyetographs is also required. The collection and ap- 
plication of the various input data required f o r  the  different  program 
blocks can be a major undertaking. Questions can a r i s e  as t o  the use 
and meaning of some data required. 
Treatment processes, internal  storage and costs are  some of the 
features of the model. Water quality is  output f o r  several parameters; 
notably, biochemical oxygen demand, suspended sol ids ,  t o t a l  colifoms, 
and dissolved oxygen. Output of the progra~n a lso  includes tables  and 
l ine  pr inter  p lo ts  of rainfall. in tens i t ies ,  dischazges and water q u t y  
f o r  each of the subcatchments and sewer system elements. Cost and treat- 
ment performance i s  output, too. The program is written i n  Fortran IV 
and can be W on an IBM 360 +d-.370. Due t o  the  s iee  of the program, 
overlay procedures a re  required. A computer programer would be help- 
f u l  i n  the, i n i t i d  s e t  up of the  program. The user  should be cautioned 
that the model is complex and quite time consuming i n  input data pre- 
paration. The SWMM model is  u t i l i z ed  i n  the  remaining chapters of this 
report. 
DFSCRIPTIa OF LAKE EOLA AND 
DRAINAGE BASIN 
Lake Eola 
Lake Eola is a small land-locked lake, located i n  the  City of 
Orlando. The Lake is i n  the  heart  of the  c i t y  and receives stomwater 
runoff from the commercial amas of the  cent ra l  business d i s t r i c t  and 
from resident ial  areas. The location of the  I;ake is shown i n  Figure 4. 
Orange Avenue and Magnolia Avenue axe the main south and north routes 
respectively-through downtown Orlando. These s t r e e t s  handle high volumes 
of t r a f f i c  daily. 
The Lake has a surface m a  of approximately 28.75 acres and 
a volume of 100 million gallons. A view of the  Lake from the  south 
shore and a view from the commercial area a re  shown i n  Figures 5 and 6 
respectively. Figure 5 is a view of the  Lake from the p;llrk land area 
on the south shore. The fountain i n  the  Lake c a n h e  seen quite clearly.  h Figure 6 is a view of the  b k e  from the  comrnercid area. 
The primary sources of. pollution a r e  the  several  storm sewers 
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A t  preient ,  there m e  e levenact ive  s t r e e t  
, drains into the Lake. The locations of these and the fountain are shown 
t o  other lakes. 
is controlled by two drainage wells. Their loca- 
used t o  r a i s e  o r  lower the  Lake level. Since the 
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'WELLS 
LAKE E O L A  DRAINAGE B A S I N  
Fig. 5. Lake Eola, from South Shore, Looking North 
Fig. 6. Lake Eola, Looking East, from In te r -  
sec t ion  of Magnolia Avenue and Washington S t r ee t  
Lake l eve l  is higher than the pieeometric surface, water w i l l  flow 
naturally down the wells. Pumping of these wells w i l l  r a i s e  the  level  
of the lake. The level  is  usually between 87.0 and 88.5 f e e t  above sea 
level.  The pieeometric surface is at  approximately 57.0 f e e t  above 
sea level.  The a b i l i t y  of a well t o  take o r  t o  yield water is  depen- 
dent on the permeability of the aquifer in to  which it is d r i l l ed  and 
the  difference between the  level  of the lake and the pieeometric sur- 
face. 8i The water depth is  shown i n  Fi&e 7. This figure a lso  i l l u -  
s t r a t e s  the  fountain which is i n  the Lake. The Lake has a maximum water 
depth of about 22 f ee t ,  gradually decreasing t o  the shore. 
The l eve l  of a lake i s  influenced by several factors.  These- 
consist of rainfall, evaporation, surface inflow and outflow, and under- 
ground inflow and outflow. Each of these fac tors  depend on t h e i r  indi- 
vidual character is t ics  associated with them. Two of the primary fac tors  
are  rainfall and evaporation. Rainfall  can vary greatly from ye- t o  
year. This variation is the main reason lake levels  fluctuate. The 
average annual r a in f a l l  of Orlando is approximately 52 inches. This 
annual rainfall has been as low as 33.75 inches and as hi& as 68.74 
inches. Over half  of t h i s  rainfall occurs during the rainy season, 
which is f ram June through September. Unfortunately, evaporation does 
not vary with rainfall. 
The average annual evaportation f r o m  lakes i n  Orange County was 
computed t o  be 51.07 inches based on the normal pan evaporation reported 
by the U.S. Weather Bureau at  Orlando. 82 This leaves the lakes with an 
average of .93inches of rainfall per year tha t  is not evaporated. De- 
pendent upon the other fac tors  affecting lake levels,  the maintaining 
FIGURE 7 
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of a "normal" lake level  can be d i f f i cu l t .  
Lake Eola also experiences these fluctuations i n  lake levels. 
However, because of its location, the level  of the Lake must be main- 
tained. Excessive ra infal l  leads t o  high Lake levels  which are lowered 
through the  use of the drainage w e l l s .  The purpose of lowering being 
t o  prevent flooding and property damage i n  the smouniling m a .  During 
drought o r  "dry" periods, the  Lake level  must be kept at the minimum 
level  acceptable. This is pz%mzily f o r  aesthetic reasons. Maintenance 
of the Lake at  these levels  necessitates pumping out of the wells i n to  
the Lake. This puts an increased demand upon the aquifer, thereby lower- 
ing the pieeometric surface. Of course, durdng "wet" seasons this 
peieometric surface is raised from the drainage of the Lake's excess 
water . 
A restorat ion of Lake Eola was undertaken i n  1972. This project 
was undertaken because of the poor water quali ty and bottom appearance. 
The Lake was undergoing eutrophication w i t h  the aquatic environment de- 
te ro i ra t ing  rapidly. Th is  restoration project has been reported by 
~ o y t e r ~ ~  and others. The Lake w a s  lowered exposing about 40 percent of 
the bottom. The bottom was cleaned, storm drains extended in to  the lake 
and sand placed on the bottom. The Lake was then r e f i l l e d  from the drain- 
age wells. Now, three years l a t e r ,  the  quali ty of Lake Eola is again 
being que stioned. 
Lake Eola Drainwe Basin 
The Lake Eola drainage basin consists of approximately 350 acres. 
Of t h i s  area, a large portion is drained by drainage wells located i n  the 
northern section of the  basin. These wells p r i m z i l y  drain the areas 
north of Livingston Street .  The remainder of the basin drains direct ly  
i n to  Lake Eola. This azea includes Lake Bola and is approximately 169 
acres. This acreage consists oft 
Lake Eola 
Impervious 
Pervious 
28.75 acres 
85.00 acres 
56.00 acres 
An impervious area being defined as any azea such as buildings, -king 
l o t s ,  s t r e e t s  and driveways which do not allow natural  i n f i l t r a t i on  t o  
occur. Pervious azeas are chazacterieed as those amas which permit 
the natural  i n f i l t r a t i on  t o  occur. These amas would include lawns 
and parkland. Building roof areas are  a lso considered pervious i f  
drainage onto a pervious azea, such as a lawn, i s  allowed t o  occur. 
From this 169 acres a study azea of approximately 28.0 acres 
was chosen. This study area had a commercial land use and is located 
i n  the western portion of the drainage basin. There are three major 
land uses i n  the Lake Eola drainage basin - commercial, res ident ia l ,  
and park land. The commercial land use area being t o  the West of Lake 
Eola and the res ident ia l  areas t o  the North and East .  The park land 
is  the area surrounding the Lake. The following figures describe the 
study area and the other land uses of the Basin. Pazk land consists of 
approximately 14 acres surrounding the Lake. Figures 8 and 9 show 
some of the park areas. Figure 8 is a view of the Southeast corner of 
the pmk where a children's playground is iocated. Figure 9 i l l u s t r a t e s  
the park land on the Eastern shore of the Lake. The park land around 
the Lake is well-maintained and landscaped by the City of Orlando. On 
the Western shore is  a bandshell and concert area. A s m a l l  concession 
f a c i l i t y  and boat r en ta l  are  located on theNorthwest shore. These park 
Fig. 8. Southeast Corner of Eola Pask 
Fig. 9. Eastern Shore of Lake Eola 
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areas are used and enjoyed by many of the residents of Orlando and the 
t ou r i s t s  who visit the m a .  However, if the park and Lake amas are  
t o  be en joyed, the  qual i ty  of La,ke Eola must be maintained. 
The commercial azeas i n  the drainage basin a m  highly developed 
consisting of churches,'high-rise off ice buildings, parking l o t s  and 
vazious businesses. The commercid study area is on the Western shore 
of the Lake. Figme 10 shows the boundary of the  commercid study area, 
the boundary of the  proposed resident ial  study area and the land uses 
of the  drainage basin. The complete Figure is of the 169 acres which 
drains in to  the Lake. Figures 11, 12, 13, and 14 i l l u s t r a t e  commercial 
land uses and pazking l o t  areas in the commercial study area. 
Figure 11 is of the central  business d i s t r i c t  included i n  the 
commercial study m a .  This w a s  taken ear ly  i n  the morning and t r a f f i c  
was already heavy. Figure 12 is another view of the commercial study 
area. The ground slope is about f i ve  f e e t  per hundred f e e t  and the area 
is highly impervious. Figure 13 is of one of the  large pasking l o t s  
contained i n  the study area. These parking l o t s  a re  on the West border 
of the drainage basin. Figure 14 is of the commercial and parking amas 
i n  the v ic in i ty  of the  Orange County Courthouse. These areas a re  quite 
busy during the  daytime. I n  'the Lake Eola drabage  basin there are  ap- 
proximately 36 acres of s t r e e t s  and 18.5 acres of parking lo t s .  The 
commercial study area has a t o t a l  area of 28.0 acres. This t o t a l  area 
includes the s t r e e t  and parking l o t  areas. The other proposed study 
area was a res iden t ia l  section on the north side of Lake Eola. 
T h i s  proposed resident ial  study area was comprised of approxi- 
mately 16.1 acres. The mea is essent ial ly  a multi-family res ident ia l  
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LAKE EOLA D R A I N A G E  B A S I N  L A N D  U S E S  $1 A'+<; 
Orange Avenue, Looking North 
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rsection of Palmetto Avenue and 
Jefferson Street, Looking Southwest 
Fig. 13. Pazking Lot Area, Looking from Jefferson 
Street, South to Washington Street 
Fig. 14. Intersection of Court Avenue and 
dashington Street, Looking South 
section consisting of large older homes. These homes aze divided in to  
apaztments and rooms which a m  used by sepasate households o r  individuals. 
_ _  .--.- - - 
Figure 15 is of t hezes iden t i a l  azea, looking west, down Ridge- 
wood Street .  k g e  oaks abound i n  the area and overhang most of the 
streets. Figure 16 is a good view of one of these older multi-family 
dwellings. Several vehicles belonging t o  the residents can be seen on 
the  West s ide of the dwelling. The s t r e e t s  i n  the res ident ia l  area aze 
f a i r l y  wide, as can be noted i n  Figure 16. Pazking is available on 
e i t h e r  s ide of most of the s treets .  This p a c t i c e  hampers s t r e e t  sweep- 
ing  operations but is unavoidable'. 
The pol lutants  entering Lake Eola come from several sources, 
which have d i f ferent  characterist ics.  These sources and t h e i r  charac- 
t e r i s t i c s  w i l l  be discussed i n  the following pages. 
Pollutant Sources .of the Lake 
Eola Drainage Basin 
Because of its unique location and various land uses, Lake Eola 
is subjected t o  several pollutant sources. These sources are  of four 
categories: 
1. Solid waste discazded in to  the Lake 
2. Precipitation 
3 .  Natural wildlife and domestic fowl 
4. Stormwater runoff 
The control of these sources (except precipitation) is perhaps possible, 
t o  some extent. But the costs and techniques must still be determined. 
The discarding of so l id  waste such as cans, cups, papers and 
candy wrappers should be halted. Proper disposal containers a re  provided 
Fig. 15. Intersection of Hillman Avenue and 
Ridgewood Street, Looking West 
Fig. 16. Intersection of Ridgewood Street and 
Broadway Avenue, Looking Northwest 
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by the  City and must be used. However, a cer tain segment of the  popu- 
l a t i on  i n s i s t s  on abstaining from the use of these containers. For this 
-. . . 
__.-  
reason, ext ra  manhours are expended by the  City workers t o  maintain the  
sani tat ion of the  p z k .  Li t te r ing  ordinances do ex i s t  and need t o  be 
enforced. Besides creating an eyesore, the  so l id  waste fu r the r  decreases 
the  water qual i ty  of the  Lake. 
Precipi tat ion adds nutr ients  t o  the Lake i n  smaU q&tit ies.  
These amounts are small when compared t o  other  sources and have been 
discussed ea r l i e r .  Phosphates and nitrogen a re  the primary constituents ' 
i n  the  rainfall. The percentages'of pol lutants  contributed by rainfall 
t o  runoff has a l so  been discussed. 84 
Another natural  source i s  the water fowl, both domestic and wild, 
which frequent Lake ~ o l a . ~ ~  Migratory fowl increase the population on 
the  Lake i n  winter months; during the remaining months, domestic fowl 
a re  present. Depending upon the season, large numbers of seagulls,  
pigeons and ducks aze present. These water fowl contri'bute very l i t t l e  
nut r ients  t o  the  Lake (about I$ of the t o t a l ) .  86 The amounts of bacteria 
and organics a r e  high compared t o  others. Of the  four sources, s tom- 
water runoff is the major contributant t o  the pollution of Lake Eola. 
Stormwater runoff i n to  the Lake comes from three sources o r  
areas  - the res ident ia l ,  commercial and park lands i n  the drainage basin. 
These land uses have been discussed previously. The commercial and res i -  
dent ia l  sections comprise the major areas in the Lake Eola drainage basin. 
They also contribute the most stomwater runoff i n to  the Lake. 
The quantity of stormwater available as runoff depends upon the 
various charac ter is t ics  of the  land su face .  These character is t ics  in- 
clude such fac to rs  as the topography of the basin, the permeability of 
the  surface materials, type of surface cover, exis t ing s o i l  moisture 
_ _  -- - - 
and others. The topography of the Lake Eola drainage basin is f a i r l y  
uniform. On theNorth, South, and East s ides of the Lake the land 
slopes gently at  about two f e e t  per thousand f e e t  away from the Lake. 
On the  Western shore, the land surface r i s e s  a t  approximately two feet 
per  hundred f e e t  i n  the main commercial area. Much of the runoff f r o m  
this asea is  from s t ree t s ,  parking l o t s ,  roofs and other impervious 
areas. 
These areas, especially the s t r e e t s  and parking l o t s ,  contri- 
bute many of the  pollutants discussed e a r l i e r  t o  the Lake waters. A 
mathematical model which has the capabi l i t ies  of predicting both the 
quant i t ies  and quality of the stomwater runoff w i l l  be applied t o  the 
study area. This study area w i l l  consist  of t h a t  portion of the Lake 
Eola drainage basin i l l u s t r a t ed  previously i n  Figure 10. . This Figure 
a lso  demonstrates the land uses of the study area. The model u t i l i zed  
w i l l  be the Environmenta1.Protection Agency Storm Water Management Model 
( s w )  
_ _  .--.- - 
EXPUNATION OF THE E . Pa A. - STORM 
Backround and h m o s e  
The EPA Storm Water Management Model furnishes the user with 
important qual i ty  and q-tity parameters which can be u t i l i zed  i n  the 
design and evaluation of urban drainage basins. 
Simulation of individual rainfall events by the model is accom- 
plished. This simulation procedure takes i n t o  account the  physical 
charac ter is t ics  and storm sewer system of the drainage basin. The 
Storm Water Management Model has been t es ted  and verif ied on several 
drainage basins i n  the  United States.  It is a natural  extension t o  
use it on the Lake Eola Drainage Basin; however, it requires extensive 
data on t he  basin, ranging from the  s t r e e t  sweeping pract ices  t o  the 
topography of the  area. These character is t ics  vary according t o  the 
d i f fe ren t  land uses. 
Verification of the resu l t s  of the model simulation was done 
with data collected i n  the f i e l d  and with the appropriate l a b  work. 
The computer model is comprehensive and requires a s ignif icant  amount 
of data  before it can be in i t ia ted .  This data is of varied nature 
and has several  sources. Ini t ial  data collected f o r  the commercial 
study area t h a t  drains d i rec t ly  i n to  the  Lake w a s  ana ly~ed  on the 
computer. This was successful and the  capabi l i ty  of simulating the 
en t i r e  drainage basin was proven. For the purposes of t h i s  study, one 
speci f ic  area w a s  studied - the commercial area. 
The commercial study area is labeled as study area 811. The 
84 is simply the  number _ _  ._-.- assigned t o  the  ou t f a l l  of the commercial storm 
sewer system. The computer simulation requires the  numbering of a l l  
sewer elements i n  the system. This will be discussed later i n  this 
paper. 
Model Description 
The mathematical model consists of six main programs. These 
are: 
I. Executive 
2. Combine 
3. Runoff 
4. Transport 
5. ~torage/!hatment 
6. Receiving 
The programs a re  termed "blocks" and may be run i n  several ways. W 
the  blocks do not have t o  be u t i l i eed  i n  a single simulation. For in- 
stance, theExecutive,Runoff and Transport blocks could be run and the 
simulation ended. The Executive block must always be ut i l ized.  
The Executive block is not a computational block, but controls 
the  operations of the other blocks. A detailed description of this 
block is given i n  Volume 1 1 1 ~ ~  on pages 21 t o  34. The Executive block 
assigns input and output tapes f o r  the following blocks and also 
scratch tapes f o r  the blocks. The remainder of the Executive block is 
simply the  blocks which will be used i n  a given simulation. This in- 
cludes the data  cards and other information required of the computa- 
t i ona l  blocks. Therefore, the Executive block could be visualized as 
consisting of only two cards - those describing the  input/output tape 
assignments and scratch tape assignments. 
The Combine block gives the capabili ty of simulating large 
b i n a g e  basins With -.this block, the output from two o r  more of the 
same computational blocks (~unof  f , Treatment, o r  storage/&eatment) 
can be combined, collated, o r  combined and collated. For example, two 
Transport blocks f o r  one drainage basin could be modeled and t h e i r  out- 
put combined and input t o  the ~torage/Treatment block. The Combine 
block can be used i n  a number of d i f ferent  ways and now gives the 
Storm Water Management Model the capabili ty of simulating the larges t  
and most diverse cities. 88 Volume 111~~ on pages 35-40 describes the 
Combine block in de ta i l .  Its u t i l i za t ion  would be necessary f o r  the 
modeling of large,  complex systems. 
The first of the computational blocks is the Runoff block. 
The Runoff block simulates the qual i ty  and quantity of runoff occurring 
from an individual storm f o r  the en t i re  drainage basin. The drainage 
basin is divided in to  small subcatchments t o  accomplish the simulation. 
A maximum of 200 subcatchments can comprise one drainage basin. These 
subcatchments usually consist of s m a l l  areas which have the  same physi- 
c a l  character is t ics ,  such as land use o r  ground cover and topography. 
For simplification, one subcatchment is  conceived as having one i n l e t  
manhole f o r  drainage. This i n l e t  manhole i s  connected t o  a par t  of 
the main storm sewer system. 
An i n l e t  manhole i n  the Runoff block simulation, therefore, 
is an i n l e t  manhole i n  the Transport block. The Transport block is 
limited t o  only 70 i n l e t s .  So, unless more than one k s p o r t  block 
i s  going t o  be u t i l i zed ,  the user i s  limited t o  having 70 i n l e t s  and 
hence 70 subcatchments. O f  course, more than one Transport block can 
be u t i l i z ed  f o r  one drainage basin, which allows the basin t o  be sub- 
divided in to  more than -79- subcatchnents. 
Another Un i t a t i on  is tha t  only 160 sewer elements can be de- 
f ined i n  one Transport block. A sewer element being a conduit, flow 
divider, manhole o r  l i f t  station. Each i n l e t  manhole counts as a 
sewer element. If 70 inlet manholes a re  u t i l ized ,  there can only be 
a t o t a l  of 90 additional sewer elements i n  the simulation, the sum 
being 160 which is the maximum handled by the Transport block. But 
the  use of more than one Transport block can overcome this limitation. 
Caution must be exercised i n  the initial system simulation t o  incor- 
porate these l imitat ions i n  a sat isfactory manner. Again, Volume I11 90 - 
on pages 41 t o  107 describes the Runoff block i n  deta i l .  
The second computational block is the Transport block. This 
block takes the stormwater runoff generated by the Runoff block and 
m u t e s  it through the storm sewer system. The stomwater quantity 
and qual i ty  prameters  m e  routed through the system considering in- 
f i l t r a t i o n  pasameters. The Fortran program is about 4100 cards long, 
consisting of 25 subroutines and functions. 91 The majority of the 
data required by the Transport block is physical data describing the 
storm sewer system. One feature of the Transport block is a subroutine 
which w i l l  increase the conduit s ize  i f  surcharging occurs. The pipe 
is increased i n  standard s izes  u n t i l  a s iee  which w i l l  handle the flow 
I 
is achieved. This information is then output f o r  the conduits which 
a re  resieed. 
The Transport block is  programed t o  handle 13 different  con- 
du i t  shapes and 7 different  non-condiut elements. The capability exists 
69 
f o r  the user t o  also input three conduit shapes which may not be pro- 
vided i n  the  model. The non-conduit elements t h a t  a re  handled aze 
_ _  - - 
manholes, lift stat ions,  backwater elements, storage uni ts  and three 
types of flow dividers. It w i l l  usually not be possible t o  model every 
conduit o r  non-conduit element i n  a drainage basin. Of course, several 
Transport blocks could be developed f o r  the drainage basin t o  accom- 
92 p u s h  a complete simulation of a l l  the  elements. Volume I11 on pages 
108 t o  216 gives a detailed description and instruct ions on the use of 
the  Transport Model. 
The t h i r d  computational block is the  ~torage/Treatment block. 
This block is  about 3700 cards and consis ts  of 16 subroutines. The 
Storage model allows man-made o r  natural  storage basins t o  be simu- 
la ted.  Quantity and qual i ty  of the  runoff as it moves through the 
storage uni t  a re  modeled. This movement may be simulated e i the r  as 
plug flow o r  complete mixing. I n l e t  and ou t le t  control can be by 
pumping, weirs, o r  or i f ice .  
The input data required is basically a physical description or 
the  storage uni t .  The various treatment options desired and associated 
cos ts  a lso  must be input. These costs  consist of chemical, land and 
energy costs. If none are  input, the model w i l l  u t i l i z e  default  
values. The treatment options available are: 
1 . 'Bax Racks 
2. Swirl Concentrations 
3. Fine Screens 
4. Dissolved A i r  Flotation 
5. Sedimentation 
6. Microstraining 
7. Fi l t r a t i on  (high-rate) 
8. Chlorination 
A biological treatment process is also included i n  the model, but the 
exact type could not be _ _ .  --. de$ermined. Volume III'~ on pages 217 to 
268 gives a detai led description of the ~torage/Treatment Unck and 
instruct ions on its use. 
The fourth and last computational block is  the  Receiving Water 
block. This block models the behavior of nat- receiving waters, 
such as lakes, r i ve r s  and estuazies. The simulation is accomplished 
by dividing the  receiving water system in to  a se r i e s  of individual one- 
and two-dimensional axeas (node elements). Each node is connected t o  
another node. I n  this work, the' velocity of flow i s  assumed constant 
with depth. One-dimensional elements represent r i ve r s  and specif ic  
channels. 94. 
The Receiving Water block consists of three main s u ~ u t i n e s :  
1. RECEIV 
2. mmw 
3. SWQUAL 
Subroutine IZECEIV is used f o r  interactions with the  Executive block 
and c a l l s  e i t he r  SWFIOW, SWQUAL o r  both as necessary. SWFIOW is the 
hydraulic subroutine which simulates quantity parameters. SWQUAL simu- 
l a t e s  the qual i ty  parameters. Several smaller subroutines are u t i l i zed  
i n  SWQUAL and SWFLOW. 
The data required f o r  u t i l i z ing  the Receiving Water block is 
primarily a description of the physical system. Some of the other in- 
put data  required are  rainfall data, whether the system in t i d a l l y  
influenced; evaporation ra tes ,  and i n i t i a l  pollutant values i f  avail- 
able. A detai led description of the input data and instructions on 
the use of the Receiving Water block are  available in Volume 111, 95 
pages 269 t o  337. 
The Storm Water Management Model is a large mathematical model. 
___.- - . -  - .  
Figpre 16A i l l u s t r a t e s  the data deck setup f o r  the complete model. A 
graph subroutine is available f o r  p lo t t ing  of the outputs of the vaxi- 
ous blocks. It requires very l i t t l e  da ta ' input ,  merely the t i t les 
assigned t o  the  different  plots. Util ization of a l l  the various blocks 
is  a major undertaking. 
For this study, three of the blocks will be used. These will 
be the Executive, Runoff, and Transport blocks. The major data input 
required is f o r  the Runoff and Wansport blocks. The following section 
describes the data needed f o r  these two blocks. It should be noted 
tha t  this is  f o r  a storm sewer system simulation, only not a combined 
(storm and sanitary) system. 
Physical System Data Reauired 
The physical data required f o r  the model is of two basic types 
- skom sewer system data and subcatchment area data. Sewer system data 
consists  of a l l  the  physical parameters associated with the system. 
Subcatchment data is the various character is t ics  of the areas con- 
tained i n  the drainage basin. Sewer system data requirements f o r  
conduits are: 
1. Length of individual conduits between non-conduit 
sewer elements i n  fee t .  
2. Inver t  slope of the conduit, f e e t  per 100 fee t .  
3. Manning's roughness coefficient f o r  the conduit. 
4. Diameter of conduit i n  fee t .  
It should be noted t h a t  if the conduit i s  not c i rcular  but some other 
RECEZVING DATA CARDS 
RECEIVING 
STORAGE DATA CARDS 
STORAGE 
GRAPH DATA CARDS 
TRANSPORT BWCK DATA CARDS 
f TRANSPORT 
RUNOFF BmCK DATA CARDS 
SCRATCH TAPE ASSIGNMENTS 
F i g .  16A. Data Deck Setup for SWMM 
shape, those chazacterist ic* dimensions must be obtained. For example, 
a rectangular conduit would have the chazacterist ic dimensions of height 
_ _  .--.- - . 
and width instead of diameter. 
For this study, the above information was gathered from storm 
sewer drawings obtained from the City of Orlando Engineering Depart- 
ment. Their cooperation was essent ia l  f o r  this study. A complete set 
of data on the  sewer system is necessazy f o r  the model simulation. 
This data should include the  locations, s izes ,  and types of all the 
storm sewer elements, including manholes and catchbasins. The data 
may be obtdned from several s o k e s  depending upon the specific area. 
If i n f i l t r a t i o n  in to  the sewer system is  t o  be estimated, 
several fac to rs  must be determined. The three t y p s ' o f  i n f i l t r a t i on  
t h a t  can occur are: 
I. Dry weather i n f i l t r a t i o n  
2. Groundwater i n f i l t r a t i o n  
3. Rainwater i n f i l t r a t i o n  
To simulate i n f i l t r a t i on ,  some estimates of these i n  gallons per  minute 
f o r  the totaYsewer system must be made. This dab can be from pre- 
vious flow records, estimates from loca l  engineering professionals, 
o r  generalized estimates based upon sMlaz systems and azeas. 
Dry weather i n f i l t r a t i o n  is t h a t  occurring continuously i n  the 
system from ground moisture. Groundwater i n f i l t r a t i on  i s  i n f i l t r a t i o n  
t h a t  occurs when the 'groundwater table  is above the sewer invert .  
Rain water i n f i l t r a t i o n  i s  tha t  occurring from antecedent precipitation 
over the previous nine days. For this t o  be estimated, the ra,infa,ll 
data f o r  the previous nine must available. using t h i s  data, 
an equation, by lineax regression, is developed yielding the i n f i l t r a -  
\ 
74 
tion rate in gallons per minute. In Volume I11 ,96 pages 138 and 139, 
example equations for several -- .- areas aregiven. If the ground water 
table is above the sewer invert continually, all infiltration is as- 
sumed to come from ground water infiltration. But, if the opposite 
is the case, all infiltration is assumed to originate from dry weather 
and rainfall (antecedent) infiltration. 
Subcatchment azea data consists of the various physical para- 
meters which describe the drainage basin. The drainage basin studied 
is subdivided into individual subcatchments for the model simulation. 
Subcatchments represent idedized runoff areas with uniform slope. 97 
The division of the drainage basin into subcatchments can be done by 
using various pa,rameters.such as land use, topography, and roughness. 
This subdivision can be as "fine" as desired, even to utilizing indi- 
vidual roof areas as subcatchments. The data required for the sub- 
catchments is as follows: 
width of subcatchment 
Area of subcatchment in acres 
Percent imperviousness of the subcatchment 
Ground slope in feet per feet 
Manning's n for the impervious azea 
Manning's n for the pervious area 
Impervious area, retention storage, inches 
Pervious azea, retention storage, inches 
Maximum infiltration rate, inches per hour 
Minimum infiltration rate, inches per hour 
Decay rate of infiltration, 1/sec 
The width of' the subcatchment is twice the length of the longest 
drainage gutter through it. Volume 111,98 page 76, may be helpful in 
the interpretation of this characteristic. 
For surface quality to be simulated, addition'al input model 
data is needed for each subcatchment. These data are: 
Land use 
Number of catch basins i n  each subcatchment 
Total length of a l l  gutters  i n  subcatchment, 
hundeeaSdof f e e t  
St reet  cleaning frequency i n  days 
Number of s t r ee t  sweeper passes 
Catch basin storage volume, i n  cubic f e e t  
BOD concentration i n  the catch basin water 
Number of dry days before the modeled storm 
i n  wfiich the summation of rainfall i s  l e s s  
than one inch 
Land use can be classif ied as e i ther  single family residential ,  m u l t i -  
ple family residential ,  commercial, industr ial ,  o r  park lands. BOD 
concentration w i l l  require l a b  samples. 
The s t r e e t  cleaning frequency and number of passes were obtained 
from the c i t y  s t r e e t  department. Rainfall data is used t o  supply the - 
number of d r y  days. Other data describing the subcatchments can be 
obtained f r o m  the topogmphy maps and s t r ee t  maps of the th inage  
basin. The various coefficients and factors  needed can be found i n  
the l i t e r a tu re  o r  obtdned from local  professionals. 
The only additional data requirements f o r  the model simulation 
is the ranfall  hyetograph and the percent of impervious area with no 
detention. The r a in fa l l  data f o r  each storm should come f r o m  a gage 
o r  gages s e t  up in the drainage basin. If this cannot be done, data 
from the nearest o r  most re l iable  rainfall recording stat ion should 
be ut i l ized.  These rainfall data are input i n  inches per hour with a 
minimum value input of 0.01 inches per hour. The number of data points 
f o r  the individual hyetograph can vary up t o  a mswdmum of 200. 
The percent of impervious area with zero detention (immediate 
runoff) can be calculated as the t o t a l  asea of s t r ee t s  and pazking l o t s  
i n  the drainage basin divided by the t o t a l  impervious area i n  the basin 
times one hundred percent. This assumes tha t  s t r e e t s  and parking l o t s  
have zero detention, but t h a t  other impervious areas such as roofs w i l l  
_.. _--.-  
have some detention. For the Lake Eola drainage basin, the  percent 
impervious area with eero detention was found t o  be about w. The 
4% value is calculated by dividing the summation of the pazking l o t  
and street areas f o r  the basin by the t o t a l  impervious area of the  
basin. When the above data have been obtdned, the Storm Water Manage- 
ment Model can be executed. 
APPLICATION AND CAJXBRATION OF THE E.P.A. 
STORM WATER MANAGEMENT MODEL 
Commercial Study Area Physical Data 
The Commercial Study Area is 28.0 acres  i n  s i z e  with a high de- 
gree of imperviousness. The i n i t i a l  co l lec t ion  of data  was performed 
by v i s i t i n g  M r .  Bob Sevrens a t  the  Ci ty  of Orlando Engineering Depart- 
ment. M r .  Sevrens provided storm sewer system maps of the  complete 
Lake Eola drainage basin. From these drawings, the  Commercial Study 
Area storm sewer system was i so la ted .  
Each system sewer element was numbered and l i s t e d  as t o  the  
type of element. Three v a r i e t i e s  of sewer elements were u t i l i z e d  - 
sewer conduits, catch basin manholes, and system manholes. Sewer 
conduits a r e  numbered f r o m  324 through 351 f o r  a t o t a l  of 28 conduits. 
Catch basin manholes a re  numbered from 217 through 235 f o r  a t o t a l  of 
19. System manholes, which connect two conduits and a re  not catch 
basins, a r e  numbered from 10 through 19 f o r  a t o t a l  of 10 system man- 
holes. 
The next s t e p  is  t o  assign each conduit i ts corresponding 
charac ter i s t ics .  These cha rac te r i s t i c s  consis t  of the  slope, dimen- 
s ions ,  length,  and associated upstream manhole. For the Commercial 
Study Area, a l l  conduits a r e  c i rcu laz  and therefore the diameter is 
the  only dimension required. If any o ther  shapes such as rectangular 
had been present t h e  appropriate dimensions such as height and width 
would have been required. The length of each conduit and the invert  
slope a re  obtained f ran  the  storm sewer drawings. Manning's coeffi- 
_- - - 
c ien t  of roughness may also be specified f o r  each conduit. If not 
specified,  the  SWMM u t i l i z e s  a roughness coeff icient  value of 0.013. 
This value is f o r  v i t r i f i e d  clay o r  concrete pipe in good condition o r  
corrugated s t e e l  i n  very good condition. The value of 0.013 is u t i -  
l i z e d  i n  the  commercial study area simulation. 
Table 10 lists the data f o r  the  storm sewer system of the com- 
mercial study azea. Pipe lengths ranged from 6 f e e t  t o  250 f ee t ,  pipe 
diameters f r o m  1.0 f e e t  t o  2.0 fee t .  Slopes a r e  i n  f e e t  per  100 f e e t  
and ranged from 10.0 t o  0.5 f e e t  per 100 feet. The manholeupstream 
from each conduit is a l so . l i s t ed .  The storm sewers are concrete and 
i n  good condition. Table 10 is the  Transport block data required f o r  
the  SWMM simulation of the sewer system. 
Table 11 is the  card groups required f o r  the Transport block 
simulation. These groups are  required f o r  a storm water simulation 
only and a re  used i n  the  order shown. The number of cards i n  Groups 
15, 29 and 30 vary depending on the  s i ee  o f - t h e  s t o m  sewer system. 
Group 15 requires one data card f o r  each sewer element such as a con- 
du i t  o r  manhole. 
Figure 17 i l l u s t r a t e s  the commercial study area storm sewer 
system. The numbering sequence and system azrangement can be seen as 
well as the  location of the out fa l l .  The f a r the s t  upstream catch basin 
manhole is number 220 and the nearest catch basin manhole t o  the out- 
f a l l  i s  number 233; number 233 being a double catch basin arrangement. 
This double catch basin is shown i n  Figure 18. This is also the  s i t e  
TRANSPORT BLOCK DATA FOR STORM 
SEWER SYSTEM 84 
a 
Pipe # 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
34O 
341 
342 
343 
34rC 
345 
346 
347 
yc8 
350 
351 
Slope 
(ft/100 ft) 
2.3 
3.08 
9.6 
0.5 
0.5 
0.45 
10.0 
2.0 
1.0 
2.0 
2.0 
0.5 
2.0 
2.0 
0.51 
8.2 
0.5 
2.0 
2.0 
2.0 
5.2 
5.0 
5.0 
1.0 
2.0 
1 . 1 
0 . I1 
I 
(ft) 
1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
1.0 
2.0 
1.75 
1.0 
1.0 
1.5 
1.0 
1.0 
1.0 
1 .O 
1.25 
2.0 
1.0 
1.0 
2.0 
1.25 
1.0 
2.0 
1.0 
2.0 
1.0 
m 
Length 
(ft) 
35 
50 
25 
40 
80 
250 
30 
200 
135 
25 
40 
6 
20 
30 
190 
35 
82 
260 
45 
50 
187 
37 
38 
225 
30 
22 
20 
Upstream Manhole # 
217 
218 
219 
10 
220 
221 
222 
11 
235 233 
15 
234 
223 
224 
226 
14 
225 
13 
12 
227 
229 
I6 
17 
230 
18 
232 
19 
228 
TABU 11 
TRANSPORT BLOCK CARP GROUPS 
* Depending upon s t o m  sewer system size. 
Type of Cards 
Control 
T i t l e  
Execution Control 
Execution Control 
Execution Control 
Sewer Element Data 
Outf a l l  
Pr in t  Control 
Print Control 
Estimated In f i l t r a t i on  
In f i l t r a t i on  Control 
Monthly Degree Days 
Group # 
1 
11 
12 
13 
14 
15 
27 
29 
30 
31 
32 
33 
# of Casds 
1 
I 
I 
1 
I 
Vaziable* 
1 
Variable* 
Variable* 
I 
I 
I 
,. 2 w -  
$!!-:,.- :,:jn:2'' -- 
= - -. : . *. , ,;- :.- .:>I. 
I.. 5 ' .  - ..; - - 
... ;? . ;  :;--..~, 
28.75 ACRES 
EOLA 
COMMERCIAL STORM SEWER SYSTEM 
where the t e s t  equipment is located. Figure 19 is  a view, looking 
north, from the  double catch basin. The Commercial Study Area is  t o  
the  west o r  t o  the  r i g h t  i n  the  photograph. To the eas t  o r  the  the 
/- 
+ 
l e f t  i n  Figure 19 can be seen the  parkland which surrounds Lake Eola. 
Also t o  the  eas t ,  approximately 135 f e e t  , is ou t fa l l  81C i n  Lake Eola. 
Figures 20 and 21 i l l u s t r a t e  two of the  catch basins i n  the  
Commercial Study area. These a re  catch basins 228 and 226 respectively. 
I n  Figure 20 debris which has collected i n  the  gu t te r  can be seen with 
a varied composition. .This debris ranges from cigaret te  but ts  and 
dirt t o  a p l a s t i c  s t r a w  and a p la s t i c  comb. Figure 21 i s  of a catch 
basin i n  the  v i c in i ty  of the  Orange County Court House. A p a k i n g  
area can be seen t o  the  l e f t  of it. 
The Commercial Study area was subdivided in to  19 subcatchment 
areas. The subcatchments ranged i n  s ize  from 0.2 acres t o  4.0 acres. 
The division of the  study area into subcatchments was done i n  a manner 
which allowed each subcatchment one catch basin manhole o r  i n l e t .  
These catch basins ( in le t s )  correspond t o  the same catch basin man- 
holes u t i l i zed  i n  the  Transport block simulation. The subcatchments are 
numbered from 217 t o  235, again corresponding t o  the catch basin man- 
hole numbers. Figure 22 i l l u s t r a t e s  the division of the study area 
in to  subcatchments. The proposed res ident ia l  study area is  not num- 
bered at  this time . 
There a re  several parameters neededto describe each subcatch- 
ment. These character is t ics  include the area, ground slope, t o t a l  
gu t te r  length, percent imperviousness and land use. Table 12 lists 
the data required f o r  the Runoff block simulation. A 95% imperviousness 
Fig. 18. Catchbasin 233, Western Shore of Lake Eola 
Fig. 19. Looking North from Catchbasin 233 
Fig. 20. Catchbasin 228;Northeast Corner of 
Intersection of Orange Avenue and W a l l  S t ree t  
' -- Per-;' -(-J 
4 
Fig. 21. Catchbasin 226, Northeast Corner of 
Wall S t ree t  and Court Avenue 
a 
- L* v - g v;+yc - tv.= =-.% 
- 
BOUNDARIES c 
200-2341 S UB CATCHMEN~S 
EOLA 
28.75 ACRES 
FIGURE 22  
COMMERCIAL A R E A  -SUBCATCHMENTS 
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value was used f o r  the  subcatchments. All a re  commercial land use 
areas  and consist  of W l d i n g s ,  s t r e e t s ,  pazking l o t s ,  e tc .  There is 
very l i t t l e ,  i f  any, pervious subacreas contained i n  the  commercial 
study area. 
The t o t a l  gu t t e r  length in hundreds of f e e t  a l so  includes ad- 
d i t i ona l  gu t t e r  footage f o r  the  parking l o t  areas. From Volume 11, 99 
1740 feet of addi t ional  gu t t e r  length is  suggested f o r  each acre  of 
parking l o t .  The parrking l o t  area of each subcatchment is calculated 
and entered i n  Table 12. The t o t a l  gu t t e r  length is  the sum of this 
addi t ional  gu t t e r  footage and the ac tua l  gu t t e r  footage i n  the  subcat- 
chment . 
Other f ac to r s  required f o r  the  Runoff block simulation include 
Manning's n f o r  the impervious and pervious surface areas  and a decay 
r a t e  of i n f i l t r a t i o n  i n  Horton's equation. These and other  coeffi-  
c i en t s  u t i l i z e d  by the  SWMM a r e  given i n  Table 13. Table 13 lists the 
defaul t  values u t i l i z ed  by the  Runoff block f o r  t he  various fac tors .  
If these defaul t  values a r e  not u t i l i z ed ,  other values may be used. 
I n  addit ion t o  these parameters, others must be determined 
which depend on the  drainage basin being simulated. For the Commercial 
Study area,  a s t r e e t  cleaning frequency of four  days and one s t r e e t  
sweeper pass a r e  used. This information was obtained from M r .  W. R. 
Lawson of t he  City of Orlando S t ree t  Department. Two addit ional sur- 
face  qual i ty  var iables  which a r e  needed are  the  catch basin storage 
volume and the  BOD concentration of the  stored water in the catch basin. 
For the  commercial study area, these were taken as 16.044 cubic f e e t  
and 100 m g / l  respectively. The BOD concentration i s  a suggested value 
TABm 13 
8 ,+ t- 9.-, Lw, p?& L-2 ac?!w+ 
d5 , --$?+ % , *CPL .#-- %i 
REQUIRED RUNOFF BWCK VARIABUS 
. , . , ,  : . .  .. 
. - 
. , . . . ,- .d.i':- - 
,:* , , . : . . 
-., ;i-; .,,\-..: . -.-;; ;-:.:; >:,* -,,: ;+,;-$.!: *JL!m>.>, $g=T?,;& .,,,, ,A',= :;. 
Ma,nning8s n,' 
Variable 
Impervious area 
Default Value 
:! :.: :+ 322, 
.><;,&., 
Manning's n, ~ 
Pervious area 
Retention storage, 
Impervious* area 
Retention storage, 
Pervious area 
Maximum Infiltration 
Rate 
Minimum Infiltration -I T.,J 
Rate - 3 - a i l  ,L. . ..? I 
Decay Rate of Infil- 
tration in Horton's 
Eqwtion, l/sec 
by the EPA. The default values l i s t e d  i n  Table 13 were also ut i l ized 
i n  the initial cornmereid study area simulation. 
The cazd groups required fo r  the Runoff block are  given i n  
, 
Table 14. These cazd groups must be included i n  a storm water simula- 
t ion. With these card groups, a description of the drainage basin o r  
area is supplied t o  the Model. The card groups shown allow simulation 
of surface quality and quantity but erosion is not modeled. To model 
erosion, card group 10 would have t o  be included. The blank cards 
l i s t e d  i n  Table 14 must be included i n  the data deck. They simply 
signal the termination of previous card groups. 
The physical data describing the study area was obtained from 
engineering drawings, discussions with public o f f ic ia l s  and f i e l d  work. 
The data gathering and reduction consumes a considerable amount of 
time. During the same time period, an effor t  was being made t o  
u t i l i z e  the  EPA, SWMM program. After the Commercial Study area data 
w a s  obtained and used i n  the SWMM Model, a t e s t  storm of September 27, 
1973, was simulated. 
Initial SWMM Simulation 
The storm of September 27, 1973, was of ten hours duration and 
had a t o t a l  rainfall of about 1.27 inches. The r a in fa l l  data of Table 
15 f o r  t h i s  storm was obtained from Local Climatological Data publikhed 
by the U.S. Department of Commerce. loo Table 15 lists the r a in fa l l  data 
used i n  the i n i t i a l  simulation run. 
A s  can be expected when a "new" program use i s  attempted, some 
"bugs" w i l l  occur. Several problems which arose and prevented the 
program from running were i n  the various control cards. Some which 
TABLE 14 
RUNOFF BUCK CARD GROUPS 
* Depends on duration of storm. 
* Depends on number of subcatchments. 
Type of C a r d s  
T i t l e  
Control 
R a i n f a l l  Control 
Rainfall  Data 
Blank 
Subcatchment 
Blank 
Surface Qyality Control 
Surface Quality 
Pr in t  Control 
I n l e t  Pr in t  
Group # 
I 
2 
3 
4 
6 
7 
8 
9 
11 
12 
13 
# of C a z d s  
2 
I 
I .  
Variable* 
I 
Variable** 
1 
I 
Variables* 
I 
Variable*" 
R A I N F U  DATA FOR 27, 1973, STORM 
OF 10 HOURS DURATION 
* 'S tar t  of stom at  600 hours. 
Hour Ending at:* 
700 
800 
1.500 
1600 
RainfaU, in/hr 
0.02 
0.01 
0.04 
were supposed t o  have been l e f t  out were needed by the  program. These 
problems were handled..-= they arose and a successful simulation run 
was achieved on t he  29th of April ,  1975. The results of this t e s t  
simulation a r e  shown i n  Figures 23, 24 and 25. These are the  plot ted 
flow, BOD and suspended so l ids  graphs f o r  the  storm of September 27, 
1973. Figure 23 i s  the runoff hydrograph occuring a t  t he  o u t f a l l  of 
the  Commercial Study area. Peak runoff i s  approximately 25.0 cfs.  
Figure 24 is the  BOD flow i n  lbs/minute. The peak five-day BOD flow 
is  about 2.45 lbs/minute. Figure 25 i s  the  suspended so l ids ,  a l so  i n  
lbs/minute. Suspended so l ids  peak flow is  about 31.5 lbs/minute. A l l  
these m a x i m u m  o r  peak values occur about one and a half  hours a f t e r  the 
st& of t he  s t o m .  The peak values occurred around 7:30 a.m. and ended 
a t  approximately 9:OO a.m. These dots a re  f o r  t he  o u t f a l l  of the  Com- 
mercial Study area. 
The computer simulation had a CPU time of 85 seconds and an 
I/O time of 129 seconds with a cost  of $4. The program w a s  run on 
an IBM 360 and had a turn around time of about 24 hours. The simula- 
t i o n  required 390k bytes of memory. The r e s u l t s  of the  simulation of 
the  September 27, 1973, storm could not be compared with ac tua l  quan- 
t i t y  and qua l i ty  data since nonewereavailable. The next goal was t o  
obtain flow and qual i ty  data occurring from ac tua l  rainstorms, ca l ibra te  
the  SWMM Model and determine pollutant loading ra tes .  
Quantity and Quali ty Measurement Techniaues 
I n  order t o  ca l ibra te  and have actual  data with which t o  
compare computer simulations, it is necessary t o  perform quanti ty and 



96 
qual i ty  analyzes of a c t u d  rainfall events. To do t h i s ,  a qual i ty  
sampler constructed at-FTU was positioned at t he  f a r t h e s t  downstream 
manhole of t he  commercial storm sewer system. The Sequential Sampling 
Technology (SST) as it is cal led,  has the  capab i l i t i e s  of taIcing several  
types of qual i ty  and rainfall quanti ty data. 
The un i t  provides a continuous rainfall record by u t i l i z i n g  a 
Texas Instruments Rainfall Recording System, Model R2-1014. This 
model gives t o t a l  rainfall i n  hundredths of an inch and a rainfall 
record of up t o  31 consecutive days. This equipment i s  coupled with a 
N-Con Systems Company sequential  Composite Sampler. This sampler takes 
composite samples of the storm sewer Rlow a t  chosen time intervals .  
Composite samples of one l i t e r  can be taken i n  30 minutes. For the 
commercial study areas,  composites of one l i t e r  i n  30 minutes o r  one 
l i t e r  i n  one hour were u t i l ized .  Large composites of 6 l i t e r s  were 
a l so  col lected over 3 and 6 hour cycles. I n  addit ion t o  these compo- 
s i t e  samples,grab samples were taken during each rainstorm. 
Flow measurements a r e  performed at  the  s i t e  by measuring the 
depth of t he  flow i n  the  sewer conduit. Thus, bowing the  slope, dia- 
meter, and roughness of the  conduit, t he  flow can be determined from 
depth measurements. I n  this manner, ac tua l  runoff hydrographs can be 
constructed f o r  individual rainfall events. These w i l l  be compared 
with t he  SWMM computer simulations. The computer modeling can be ca l i -  
brated f o r  the  ac tua l  runoff hydrographs. 
The SST was s e t  up at  the t e s t  s i t e  the  morning of the  16th of 
April ,  1975. Needless t o  say, it rained ea r ly  i n  the morning of the  
16th and began t o  break off at  about 10100 a . m .  The Orlando area 
97 
subsequently eqerienced a drought o r  dry  period f o r  eighteen days. On 
the 19th day, May 5, -5975, a ra infa l l  event of 0.03 inches occurred, 
ending the d r y  period. During this dry period, dry  weather flow 
quantity and quality measurements were obtained. 
D r y  Weather Flow. Quantity and Quality 
Dry weather flow is approximately 0.33 c f s  o r  about 150.0 gpm. 
This dry weather flow occurred on the 20th of April, 1975. A t  the end 
of the dry  period, dry weather flow was approximately 0.27 c fs  o r  123.0 
@ma This d r y  weather flow measurement was taken on the 5th of May, 
1975, before the r a in fa l l  event of that  same day. It was impossible-to 
.determine if t h i s  w a s  rea l ly  dryweatherflow because the groundwater ele- 
vation was unhown. The dry weather flow remained f a i r l y  constant 
which is  usually not the case with wet weather flow. This d r y  weather 
flow was assumed t o  be in f i l t ra t ion  resulting from ground moisture. 
Sampling of the dry weather flow was performed by both grab 
and composite sampling. A grab sample of 3 l i t e r s  was taken on the 16th 
of April and analyzed. Three more grab samples were on the 17th at  
10: 30 a.m. These were taken at the t e s t  s i t e  manhole, ou t fa l l  811, 
and of the Lake i t s e l f .  The resul ts  of these grab samples are  given 
i n  Table 16. 
For the t e s t  manhole (233) a composite sampling sequence of 
three consecutive days was perf omed. The sequence s tar ted at  4: 00 a.m. 
o r  0400 hours on the 18th of A p r i l  and ended at  10:OO a.m. o r  1000 hours 
on the 20th of April. During this time, twelve 3 hour composite samples 
of one l i t e r  each and two 18 hour composite samples of 6 l i t e r s  each 
L 
1
 
Q) 
4
 
d 
a
 
W
b
b
b
 
d
d
d
 
were taken. The r e su l t s  of the chemical analysis of these samples is 
shown i n  Table 17. ..These values show l i t t l e  variation over the three 
day period. 
Averaging the  fourteen composite sample values yields the fo l -  
lowing d r y  weather flow chazacteristics: 
Turbidity 
pH 
Conductivity 
Alkalinity 
Hardness 
Inorganic Cazbon 
Total Organic Carbon 
TKN - .  
 NO^-N 
Total  Nitrogen 
Organic Phosphorus 
Total  Phosphorus 
Comparing these averaged values with the  two grab samples, very l i t t l e  
variat ion is apparent. The two grab samples l i s t e d  first i n  Table 16 
a re  from the t e s t  s i t e ,  the t h i rd  from the ou t f a l l  in to  the Lake and 
the  fourth i s  from Lake Eola. 
Comparing the  storm sewer dry  weather flow average resu l t s  t o  
t h a t  of the  Lake Eola grab sample is interest ing.  The M e  has a 
s l i g h t l y  lower pH, much higher conductivity, lower a lkal in i ty ,  higher 
nitrogen and much lower phosphorus content than the dry weather flow. 
Phosphorus is the  most important parameter concerned with the  Lake's 
water quality. I t . h a s  been determined by Boyter, lo' t h a t  phosphorus 
is the  deciding parameter f o r  Lake Eola. I n  other words, if high 
l eve l s  of phosphorus are  entering the Lake, the  water qual i ty  and en- 
vironment w i l l  suffer.  
An organic phosphorus level  in the  dry weather flow of 0.518 
mg/l  and a t o t a l  phosphorus level  of 0.83 mg/l  was deteranined. The 
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Lake grab sample had an organic phosphorus concentration and a t o t a l  
phosphorus concentxa.tian of 0.12 and 0.40 mg/ l ,  respectively. The 
increased'phosphorus levels  could be occurring naturally i n  the i n f i l -  
t ra t ion o r  resulting from human sources. These human sources could in- 
clude cooling tower water o r  pazking l o t  washing by various hotels  i n  
the area. The "dry" period ended May 5 with 0.03 inches of rainfall. 
Calibration Storm Selection 
I n  order t o  ca l ibmte  the SWMM model a single rainfall event 
must be util ized. Using thenactual rainfall and runoff data f o r  this 
calibration storm, the appropriate coefficients of the model are ad- 
justed t o  obtain a reasonably good computer "fit." That is, upon 
completion of the calibration, the Model should accurately predict 
both quantity and quality parameters which compare with the actual 
quantity and quality parameters. 
Four rainfall events occurred during the study period. These 
were as follows: 
May 5, 1975 
May 10, 1975 
May 10, 1975 
May 12, 1975 
0.03 inches 
0.02 inches 
0.48 inches 
0.70 inches 
Table 18 is  the rainfall occurrences f o r  1972 and 1973 categorized 
according t o  t h e i r  in tensi t ies .  The past r a in fa l l  data f o r  the two 
years (1972 and 1973) was analyzed and the following data obtained. 
Approximately 214 s toms  occurred i n  t h i s  two year period. The number 
of storms with an in tensi ty  of 0 . 50 inches/hour o r  greater was 29. 
A storm of t h i s  in tensi ty  o r  greater is  l ikely  t o  occur about 13% of 
the time. I n  other words, out of 100 storms, 13 w i l l  probably have an 
TABLE 18 
~;;;'~:;,:*~*~~&~$~$f;$~$.??;~>:$;+~-~2:c2 
.- . ; .?t,.~,~~l~,-;-~ *. ..e;&:g-=iE.& :-.hL a : z,,, . , :';,.>24? 
1972 AND 1973 STORM INTENSITIES 
Total  number of storms = 214 
Total number. greater than 0.5 ' in/hr in tens i ty  = 29 
Month 
Jan 
Feb 
Mar 
Apr 
May 
June . 
J ~ Y  
Aug 
Sept 
Oct 
Nov 
Dec 
Storms of Less Than 
0.5 inch/hr In tens i ty  
I 
1972 
7 
11 
10 
5 
14 
7 
13 
16 
4 
7 
9 
4 
Storms of More Than 
0.5 inch/hr in tens i ty  
1973 
8 
5 
6 
4 
7 
14 
15 
15 
13 
11 
I 
9 
1972 
0 
0 
I 
1 
2 
1 
1 
3 
0 
I 
0 
0 
, 1973. 
0 
I 
I 
I 
2 
2 
3 
3 
3 
I 
0 
2 
103 
in tens i ty  of about 0.500 inches per  hour. This s t o m  would have a 
frequency of about 10-percent -- and give a 90 percent design frequency. 
The storm chosen f o r  the Moael calibration is the May 10, 1 9 5  (p.m.) 
storm . 
Quantity Calibration of the  SWMM Model 
After selection of the  calibration storm, an init ial  simulation 
w a s  undertaken. This simulation u t i l i z ed  most of the default  values 
of the  Model except f o r  the  percent impervious azea with zero deten- 
t i o n  and the impenrlous area surface storage coefficients. These were 
74 8 
set at and 0.074 inches respectively. 9,:. 5 ? J k  - $i;*;E; ? ?; 
C ' 
3 - --. , , ' 
The rainfall hyetograph f o r  the  s t o m  is contained i n  ~ i g k " -  
26. This hyetograph is developed by the  Model from actual rainfall 
input data. T h i s  actual  data is obtained f r o m  the  rainfall recorder 
a t  the  t e s t  s i t e  and given i n  Table 19. The storm duration is 51 
minutes with high in tens i t i es  occurring i n i t i a l l y .  
Actual runoff was measured from the commercial study area at  
manhole 233. This is the fa r thes t  downstream manhole of the storm 
sewer system. The runoff flow data is given i n  Table 20. The t o t a l  
flow includes the estimated flow from a conduit adjacent t o  manhole 
233 which drains a small s t r ee t  area. This estimated flow is given i n  
Table 21 and was obtained at  the s i t e  during the  rainfall event. The 
estimated flow is a small portion of the t o t a l  flow. It is f e l t  t ha t  
the  flow w a s  more than l ike ly  underestimated. This f a c t  should be 
kept i n  mind. 
The f irst  calibration run resulted i n  the runoff hydmgraph of 
Figure 27. The ac tual  runoff hydrograph is also plot ted i n  Figure 27. 

RAINF'ALL DATA, STORM OF MAY 1 0 ,  1975 
Rainfal l  In tens i ty  (in/hr) Duration (min) 
TABLE 20 
FLOW DATA, STORM OFMAY 10, 1975 
Pipe Diameter = 24 inches 
Slope = 1.0 ft/100 f t  
Manning's n = 0.013 
Time 
1437 
1440 
1445 
1450 
1500 
1505 
1510 
1517 
1520 
1527 
1530 
1535 
1538 
1% 
1550 
1600 
1608 
164.5 
1925 
Depth (in) 
1.75 
24.00 
24. 00 
20 . 00 
15.00 
12.00 
9.75 
7.50 
6.00 
5.50 
5.00 
4.50 
4.50 
3.50 
3.45 
3.00 
2.85 
2.75 
1.75 
a 
Flow (cfs) Total Flow (cfs) 
0.268 
22.620 
22.620 
22.900 
16.160 
11.330 
7.820 
4.760 
3 . 010 
2.620 
2.120 
1 700 
1 . 700 
1.030 
1.000 
0 770 
0.680 
0.630 
0.268 
0.268 
23.120 
23.870 
23 750 
16.760 
11.830 
8.120 
5.060 
3.210 
2.720 
2.120 
1 700 
I 1 . 700 
1.030 
I 000 
0 770 
0.680 
0.630 
0.268 
TABm 21 
EsTIMATEp FIOW, MAY 10, 1975 
-- - - 
Time Flow 
Pipe of 36" diameter which drains small s t reet  
areas t o  north of t e s t  s i te .  

109 
For the i n i t i a l  ca l i l r a t ion  run, the actual peak runoff flow was l e s s  
than t h a t  p ~ d u c e d  by-the Model simulation. The actual  runoff occurred 
s l i gh t ly  quicker than the simulated runoff. Total actual  runoff volume 
was about 40,050 cubic feet. Actual surface storage aad i n f i l t r a t i o n  
was approximately 8,750 cubic f e e t  and computed i n f i l t r a t i o n  and sur- 
face storage was 4,856 cubic feet .  
Actual runoff volume was calculated.from the hydrograph plot ted 
from the flow data. The t o t a l  actual rainfall f a l l i n g  on the study 
area was calculated as: 
0.48 (1/12) (43,560) (28) = 48,800 cubic fee t .  
This equation is simply the  t o t a l  rainfall (inches) multiplied by I 
foot  per 12 inches, multiplied by 43,560 square f e e t  per acre, and 
f i n a l l y  multiplied by the study area of 28 acres. This yields 48,800 
cubic f e e t  of water available for ' runoff .  The Model simulation calcu- 
lates this volume of water as being 48,990 cubic fee t .  
The simulation of the calibration storm contained what were 
considered small e r ro rs  i n  the quantity portion. Approximately 4,000 
cubic f e e t  more runoff was produced i n  the Model simulation. The simu- 
l a ted  peak runoff w a s  s l igh t ly  more and the simulated runoff occurred 
a few minutes l a t e r  than i n  actuali ty.  I n  order t o  decrease the  simu- 
l a ted  runoff volume and increase surface storage i n  the impervious 
areas, it was decided t o  increase the impervious area surface storage 
from 0.074 inches t o  0.130 inches. Increasing this fac tor  would yield 
the storage of the  4,000 cubic f e e t  of excess simulated runoff. 
The sh i f t ing  of the simulation hydrograph t o  the l e f t  i n  order 
t o  coincide with the actual hydrograph was another problem. It was 
110 
f e l t  t h a t  t h i s  could be accomplished by decreasing the coefficient of 
resis tance f o r  the--intprvious area. The value currently being used was 
0.013. This value xas decreased t o  0.012. The amount of time t h a t  
the  hydrograph needed t o  be moved t o  the l e f t  was about 4.0 minutes. 
Changing the  resistance fac tor  w i l l  shift the hydrograph a cer ta in  
amount which w i l l  possibly be the amount of time desired. 
The simulated runoff data which was u t i l i zed  by the computer i n  
p lo t t ing  t he  runoff hydrograph is shown i n  Table 22. Peak simulated 
runoff is 26.491 c f s ,  the  ac tual  peak runoff occurring is 23.870 cfs.  
The difference being about 2.62 cf s. After adjustment of the  coeffi- 
c ients  discussed previously, another calibration run was undertaken. 
T h i s  run w a s  very successful with actual  runoff volume being only 66 
cubic f e e t  l e s s  than the  simulated runoff volume. The r e su l t s  of t h i s  
Model run are  given i n  Chapter V I I .  The quar'ity calibration w a s  con- 
sidered accurate and simulation of the remaining storms was undertaken. 
Quality Calibration of the SWMM Model 
The qual i ty  simulation of the SWMM Model depends on several  
f ac to rs  which were discussed previously. Twenty-five dry weather days 
were u t i l i z ed  i n  the calibration,  the dry  weather days being the pre- 
ceding period of time i n  which there was a cumulative t o t a l  of l e s s  
than 1.0 inches of rainfall. A BOD concentrat ion' of 25.0 mg/l w a s  
u t i l i z ed  f o r  the catchbasin stored volume of water. These were essen- 
t i a l l y  the  only qual i ty  pazaneters varied i n  the Model simulation. 
The BOD concentration chosen was ) of the suggested value of 
100.0 mg/ l .  However, in i t ia l  runs with 100.0 mg/l  appeared t o  yield 
high values of BOD concentration through the  storm sewer system. Ini- 

t i a l  cal ibrat ion therefore was undertaken with a concentration of 25.0 
Table 23 is the  pollutant concentrations calculated by' the  
I 
Model f o r  the  t e s t  manhole. The table  is  read from lef t  t o  f i g h t  and 
then down _the rows as time progresses. Each value i n  the  table repre- 
sents  the  concentration of each pollutant occurring at  a par t icular  in- 
s t an t  of time. Each time s tep  is of two minutes with a t o t a l  of 100 
time steps. This yields an overall  simulation time of 200 minutes o r  
3 hours and 20 minutes. 
This data is taken by the  Model,. converted t o  flow ra t e s  and 
plot ted f o r  the  duration of the  pollutant flow. Figures 28 and 29 
a re  the pollutographs of BOD and Suspended sol ids ,  respectively. The 
peak pollutant flows occur during the  peak runoff flows and decay at 
about the  same time. It should be mentioned t h a t  the i n f i l t r a t i on  
flow is  included i n  the =off hydrograph. However, the in f i l t r a t ion  
is  assumed by the  Model t o  contain no pollutants whatsoever. The pollu- 
t a n t  t ab les  and pollutographs a re  the amounts contained i n  the runoff 
flow only. Table 24 contains the pollutant flow data which is calcu- 
l a ted  by the  Model and plotted i n  Figures 28 and 29. 
Composite and grab samples were obtained of the actual runoff 
occurring f o r  the  storm of May.10, 1975. The grab samples were analyzed 
and a comparison made w i t h  the simulated pollutant data. The grab sam- 
ples  were analyzed f o r  BOD &day) and suspended solids.  The follow- 
ing is  the  results of the grab samples: 
Time Taken BOD.; (mg/l) SS (mall) 
1445 37 . 20" 372.0 
1500 8.85* 112.0 
1530 6.70" 26.0 
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The as te r i sk  indicates the samples tes ted  twice; the number represents 
the  average of th.ese-two tes t s .  
The initial simulation run values contained i n  Table 23 f o r  the 
above times were as follows: 
After adjustment of the  surface storage and surface resistance coeffi- 
c ients ,  another simulation w a s  undertaken. The r e su l t s  of the second 
qual i ty  simulation were as follows2 
Time 
- - ~ 0 ~ 5 ~ m g / l )  ~ ~ ( m d l )  
1445 39 . 31 467 . 73 
The actual  BOD and suspended sol ids  concentrations compare 5 
reasonably only a t  IM5. Actual BOD concentration a t  145 is found 5 
t o  be 37.20 mg/l  and the second simulation run had a concentration of 
39.31 rng/l. Suspended sol ids  (actual) a t  1w5 was about 372.00 mg/l 
and the  Model ' had a simulated value of 467.73 mg/l. 
The actual  and simulated values f o r  BOD and suspended sol ids  5 
a t  1500 and 1530 did not compare at  all. There could be several rea- 
sons, most dealing with the  SWMM Model. The simulated pollutant load- 
ings a re  based on reseaxch done i n  Chicago. If pollutant loadings were 
u t i l i z ed  t h a t  were from the Orlando area, be t ter  resu l t s  would probably 
be obtained. There are a lso  two methods available t o  SWMM users f o r  the 
calculation and simulation of suspended solids. One produces high ini-  
t i a l  suspended sol ids  concentrations and terminates quicker than the 
other method. The other method produces initial concentrations of about 
half  the first method and w i l l  continue t o  produce suspended so l ids  
when t he  first method-has ceased t o  do so. The first method is  the 
one u t i l i z ed  i n  t h i s  study. It has i n i t i a l  and terminating times com- 
parable t o  what is  ac tua l ly  occurring but the  concentrations a re  too 
high. 
The simulated BOD concentrations were a lso  higher than the  5 
measured concentrations. The reason could be t h a t  various contaminants 
such as heavy metals a re  in ter fer ing  i n  the  measured samples. These 
would tend t o  cause measured BOD concentrations t o  be questioned. 5 
The qual i ty  simulation yielded r e s u l t s  which were expected. 
Unt i l  considerable reseazch and use of t he  Model i s  completed, inaccu- 
r a c i e s  w i l l  r e s u l t  i n  the  qual i ty  simulation. For this study, the  re- 
sults obtained were considered successful. To perfom extensive qual i ty  
ca l ibra t ions ,  several  storms should be sampled and pollutant loadings 
f o r  each land use developed f o r  the  study asea. This would a lso  re- 
quire  la rge  amounts of computer time. The data cards required f o r  the 
simulation o f t h e  storm of May 10 are given i n  Appendix A. 
CHAPTER VI 
ANALYSIS AND RESULTS OF STORM SIMULATIONS 
USING THE CALIBRATED SWMM MODEL 
Storm of May 10. 1975. Quantity 
Analysis and Results 
A t o t a l  of four  rainfall events occurred i n  the  period from 
May 5 t o  May 12, 1975. O f  these four,  the  t h i r d  event, which took 
. 
place t he  morning of May 10, was not simulated. The reasons being 
the  small quantity of rainfall and it was not f e l t  t h a t  the storm 
was constant over the ent i re  commercial study area. The remaining 
three  s t o m s  were simulated and the r e su l t s  analyzed. 
The afternoon storm of May 10 was u t i l i z ed  f o r  calibration 
purposes. Upon completion of the c a l i h a t i o n ,  the  storm w a s  simulated 
with the  SWMM Model. The rainfall datawas input t o  the  Model i n  one 
minute intervals .  The resul t ing rainfall hyetograph was i l l u s t r a t ed  
previously i n  Figure 26. Peak in tens i ty  was 1.89 inches per hour 
with a duration of seven minutes, The storm was simulated over 100 
time s teps  of 2 minutes each o r  approximately 3 hours'and 20 minutes. 
The actual  r a in fa l l  volume was calculated as 48,800 cubic fee t ;  
the  simulated rainfall volume was 48,991 cubic fee t .  A difference of 
only 191 cubic fee t .  The measured runoff volume was 40,050 cubic fee t ;  
the  c a l l b a t e d  Model runoff volume was 40,116 cubic f e e t  . The er ror  
between the  actual  and simulated was very small, only 66 cubic fee t .  
This w a s  approximately a .I@ e r o r  i n  runoff volume. Figure 30 i l l u -  
s t r a t e s  the  simulated runoff and actual runoff hydrographs. Table 20 
contains the d a t a f o x . t h e  actual  runoff hydrograph. Peak simulated 
runoff occurs at  1848 with a value of 27.82 cf s. Actual peak runoff 
occurs a t  about 1845 with a value of 23.87 cf s. Changing the  coeffi- 
c ient  of resistance from 0.013 t o  0.012 resulted in sh i f t ing  the  run- 
off  hydrograph 1 minute t o  the l e f t  as was desired. The i n i t i a l  simu- 
l a t ed  runoff occurs at almost the same time as the actual  runoff. Even 
though the  peaks do not correspond exactly, the beginnings and endings 
of the  two hydrographs aze approximately the same. Increasing the sur- 
face  storage from 0.074 inches t o  0.130 inches resulted i n  an increased 
storage of 3944 cubic fee t .  This was very close t o  the 4000 cubic 
f e e t  increase which was desired. 
The simulated in f i l t r a t i on  and storage was 8819.0 cubic fee t .  
The actual  i n f i l t r a t i o n  and storage w a s  about 8750.0 cubic fee t .  Again, 
the  difference i n  the  actual and simulated values was very s l ight .  
Minor adjustments i n  the Model could be made but the accuracy was con- 
sidered suff ic ient  f o r  simulation purposes. 
The storm of May 10 was discussed previously when it was u t i -  
l i z ed  f o r  calibration. Two additional storms were simulated - those 
occurring on May 5 and May 12, 1975. 
Storm of May 5. 1975. Quantity 
Analysis and Results 
The s t o m  of May 5 had a duration of 25 minutes and a t o t a l  
rainfall of 0.03 inches. The rainfall hyetograph was plot ted by the 
computer and is shown i n  Figure 31 . The rainfall data obtained f r o m  
the  r a i n f a l l  recorder is i n  Table 25. From these data the  following 


RUNFALL DATA FOR THE STORM OF MAY 5, 1975 
Time Period (minutes) 
2237 - 2240 
2241 - 2245 
2246 - 2256 
-- 
Total Rainfall (inches) 
0 • 010 
rainfall i n t e n s i t i e s  and durations can be calculated. 
_. .--.- Duration 
9.0 minutes 
0.025 in/hr 10.0 minutes 
0.042 in/hr 6.0 minutes 
The above data was input to the  SWMM Model i n  I minuteintervals f o r  
a t o t a l  time period of 25 minutes. 
The ac tua l  flow data measured f o r  the storm is contained i n  
Table 26. Initial d r y  weather flow was approximately 0.268 c f s  measured 
at 2233. Runoff occurred almost immediately a f t e r  the  storm start at  
2238. Peak runoff flow w a s  approximately 2.40 cf s at  2251. T h i s  is  
eighteen minutes a f t e r  the start of the  storm. The major portion of 
the  runoff was between 2240 and 2310. This is a time period of only 
30 minutes duration. The actual flow data is plot ted on a different  
graph as then the  computer-plotted simulated flow data. The actual  
hydrograph can be seen i n  Figure 32. The simulated hydmgraph is i n  
Figure 33. The ac tual  hydrograph was not plot ted on the  simulated be- 
cause of the  la rge  differences i n  the  amounts of runoff and the  computer 
scales  of Figure 33. The s t o m  was simulated f o r  100 time steps of 
two minutes each. A return t o  dry  weather flow actual ly occurs about 
0010 on the  6th of May. The simulation flow also returns t o  d r y  weather 
flow at approximately the same time. 
The simulated peak runoff was only about 0.810 c f s  while the 
ac tual  was around 2.40 cfs. The t o t a l  duration of runoff is approxi- 
mately the  same f o r  both the actual  and simulated hydrographs. Calcu- 
l a t ed  runoff volume from the  actual  plotted hydmgraph w a s  23IO.00 
cubic fee t .  The available quantity of water f o r  runoff was 3050.00 
I*' 
.;p;,< 
,.$ 
, . 
R- . . /' 
1 :>$,yi 7 
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.f4-'2'' 
FLOW DATA, STORM OF MAY 5, 1975 
Pipe Diameter = 24 inches 
Slope = 1.0 ft/100 ft 
Manning's n = 0.013 
Time 
2233 
22% 
2238 
2243 
2248 
2250 
2255 
2300 . 
2305 
2310 
2315 
2320 
2325 
2330 
2335 
Depth (in) 
1.75 
1.75 
2.50 
3.50 
5.00 
5.25 
4.60 
3.80 
3.25 
2.75 
2.60 
2.50 
2.25 
2.10 
2.00 
Flow (cfs) 
0.268 
0.268 
0 a477 
0.513 
2.125 
2.388 
1.866 
1.177 
0.889 
0.630 
0.485 
0.477 
0.420 
0 350 
0.310 

Fig. 33. Simulated Runoff Hydrograph for the Storm of May 5, 1975 
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cubic fee t .  Surface storage and in f i l t r a t i on  was 740.00 cubic fee t .  
The Model simula%io6 calculated a t o t a l  runoff volume of 1270.00 cubic 
f e e t  and 1656.00 cubic f e e t  f o r  surface storage and in f i l t r a t ion .  
The discrepancies i n  volumes which occurred f o r  the storm of 
May 5 were f a i r l y  large. The actual  volume of rainfall compares f a i r l y  
well with the  simulated volume of ranfall ,  3050.00 t o  3044.00 cubic 
f e e t ,  respectively. However, the calculated runoff volume is about 
1040.00 cubic f e e t  more than the simulated runoff volume. Also the 
simulated surface storage and in f i l t r a t i on  volume is about 916.00 cubic 
f e e t  more than the  actual surface storage and in f i l t r a t ion .  
Actual runoff was about 7& of the  actual  rainfall volume and 
the  remaining 24% was surface storage and in f i l t r a t ion .  The Model 
simulation calculated a simulated runoff t o  rainfall percentage of 
about 4% and the  remaining 5% was simulated surface storage and in- 
f i l t r a t i o n .  The Model of course takes the rainfall as occurring uni- 
formly over the  en t i re  commerciaJ. study azea. I n  actual i ty ,  this may 
o r  may not be the case. For lazge, intense storms the rainfall is more 
than l i ke ly  uniform where small areas such as the study area a re  in- 
volved. The brief shower of May 5 which had a tOtaL ra,infall of 0.03 
inches at  the  t e s t  s i t e  was apparently not uniform over the ent i re  
study area. It was decided, therefore, t h a t  t h i s  probably occurred 
during the  storm of May 5 and accounts f o r  the discrepancies between 
the  actual  and simulated volumes. 
Storm of May 12, 1975, Qwntity 
A - - - Analysis and Results 
The storm of May 12 had a duration of I hour and 25 minutes and 
129 
a t o t a l  rainfall of 0.70 inches. The rarLnfall data from the  continu- 
ous rainfall recordler is i n  Table 27. These data are then converted 
t o  the rainfall in tens i t i es  and durations also shown i n  Table 27. The 
in t ens i t i e s  were input t o  the Model i n  one minute intervals .  The storm 
was simulated f o r  150 time steps of two minutes each. This is a t o t a l  
simulation time of 300 minutes o r  5 hours. The rainfall hyetograph 
plot ted by the  computer is contained i n  Figure 34. 
The actual  flow d a t a  is l i s t e d  i n  Table 28. Table 29 contains 
the  estimated flow i n  the conduit t ha t  drains a small axea of the study 
area. It is f e l t  t h a t  these estimates m e  probably lower than what 
actual ly occumed. Peak flow occurs at  approximately 1930 with a value 
of 23.633 cf s. Smaller peaks also occur at 2000 and l9lO. The actual 
flow data is plot ted on the simulated runoff data of Figure 35. The 
simulated runoff peaks at  26.96 c f s  at about 1925. The actual  measured 
peak occurs at 23.63 c f s  at  around 1930. The actual  runoff occurs at  
about the same time as the start of the simulated runoff. The ending 
of the simulated a lso  occurs at about the same t h e  as the  actual. 
The actual  rainfall available f o r  runoff, surface storage and 
in f i l t r a t i on  w a s  calculated as 71,150 .cubic f e e t  . The Model simulation 
calculates the  available rainfall as 73,280 cubic fee t .  A difference 
of about 2130 cubic f e e t .  results.  The actual runoff volume calculated 
from the  hydrograph, was 63,500 cubic feet .  The simulated runoff 
volume was 63,020 cubic feet .  A discrepancy of 480 cubic f e e t  did 
occur. ' T h i s  w a s  a very small er ror  i n  the runoff volumes when com- 
pared t o  the  amount of runoff. The Model calculated a surface storage 
and i n f i l t r a t i o n  volume of 10,120 cubic feet.  Actual surface storage 
. 
RAINFALL DATA FOR ME STORM OF MAY 12, 1975 
Time Period (minutes) Tc La1 R a i n f a l l  (inches) 
Rainfall In tens i ty  (in/hr) I Duration (minutes) 

TABLF 28 
RWW DATA FOR STORM OF MAY 12, 1975 
Time 
1848 
1850 
1855 
1857 
1 9 0  
1905 
1910 
1913 
1915 
1920 
1925 . 
1930 
1940 
1945 
1950 
1955 
2000 
2004 
2020 
2040 . 
2050 
2100 
2110 
Depth (in) 
1.75 
2.00 
2.50 
3.75 
10.50 
13.50 
14.00 
12.00 
10.00 
I1 25' 
13.50 
i9.00 
8.25 
6.00 
10 . 00 
15 00 
17.50 
14.50 
5.00 
3.25 
2.75 
2.40 
2.00 
Flow (cfs) 
0.268 
0.310 
0 0477 
1 150 
8.914 
13.775 
14 . 507 
11 l 300 
8.206 
10.062 
13.775 
21.883 
6.100 
3.010 
8.206 
16.160 
19.98 
15.w 
2. 120 
0.889 
0.630 
0.452 
Oe310 
T o t a l  Flow (cfs) 
O m  268 
0.460 
0 0727 
1.M0 
9.414 
14.425 
15 257 
11.880 
8.656 
10 . 712 
14 775 
23 633 
7.100 
3 760 
9.106 
17.410 
21.480 
16.2% 
2.620 
0.889 
0.630 
0.452 
0 310 
TABLE 29 
FLOW DATA, STORM OF MAY 12, 1975 
Time 
1848 
1850 
18% 
1900 
1905 
1910 
1913 
1915 
1920 
1925 
1930 
1940 
1945 
I950 
1955 
2000 
2004 
2020 
20110 
Flow (cfs) 
0.00 
0 • 15 
0. 25 
0.50 
0.65 
0.75 
0.55 
0.45 
0.65 
1.00 
1 a 7 5  
1.00 
0.75 
0.90 
1.25 
1.50 
1.25 
0.50 
0.00 

and i n f i l t r a t i o n  was calculated as 7650 cuMc feet.  Most of the e r ro r  
can be accounted--fer as the  difference i n  available rainfall volumes 
of 2130 cubic fee t .  The e m r s  are considered tolerable f o r  simulation 
purposes. The simulated qual i ty  r e su l t s  w i l l  now be discussed. 
The quality r e su l t s  of the stomwater simulations were con- 
sidered f a i r l y  accurate f o r  initial values of BOD and suspended solids. 5 
For the storm of May 10, peak loading ra tes  of BOD and suspended so l ids  5 
were 3.627 and 60.437 ibsJmin respectively. These peaks occu l~ed  at 
1504 which was during the peak runoff flow. Figures 36 and 37 a re  the  
BOD and suspended sol ids  pollutographs respectively for the storm of 
May 10. 
It can be observed from the figures t ha t  two peaks occur f o r  
both pollutants,  the smaller peak pr ior  t o  the larger. This is  due t o  
the  rainfall in tens i t i es  of the  storm. The rainfall in tens i ty  decreased 
at  about 1450 and then increased around 1500. Figures 36 and 37 are 
the simulation run r e su l t s  of May 10, not the calibrration run results. 
The pollutant flows end at  approximately the same time as the runoff 
flow. This would be eqec ted ,  since the d r y  weather flow was simulated 
as containing no pollutants. The t o t a l  simulated pounds of 5-day BOD 
output was -77.9.9 and the t o t a l  simulated pounds of suspended sol ids  
output w a s  992.85. These values are the simulated outputs f r o m  the  
t e s t  manhole 233. 
The SWMM Model only routes BOD suspended solids,  and coliform 5' 
bacteria thmugh the s t o m  sewer system. Calibration depends upon 
these parameters. However, f o r  compasison purposes with the dry 
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weather flow quaLity.pa;rameters, the stormwater runoff was tes ted  f o r  
additional quail%> pazameters. These included phosphorus, t o t a l  
Kjedahl nitrogen and t o t a l  solids. Table 30 lists these r e su l t s  f o r  
the storm of May 10. The grab samples i n  Table 30 were taken during 
the  storm when peak runoff flows were occurring. The *-hour composites 
were taken during the  storm and the  3-hour composite was taken of the 
dry weather flow before the storm. The 1-hour composite was taken 
a f t e r  the  storm when flow had returned t o  dry  weather flow. 
Total Kjedahl nitrogen concentration was approximately ten times 
as much in the stormwater runoff as the d r y  weather flow. Total ni t ro-  
gen of the stormwater runoff was about four  times as much as t h a t  of 
the  dry weather flow, 1.26 mg/l t o  0.30 mg/l. Total phosphorus of the 
runoff was also s l i gh t ly  higher than the  dry weather flow concentrations. 
Alkalinity and hardness of t h e  runoff, expressed as mg/l  as CaCO w a s  3' 
l e s s  than t h a t  i n  the  d r y  weather flow. The dry weather flow had an 
a lka l in i ty  and hardness value of 149.9 and 150.4. mg/l respectively. 
The runoff had minimum values of 38.9 and 32.6 mg/l of a lka l in i ty  and 
hardness respectively f o r  the second half  hour composite. The runoff 
grab sample of 144.5 had a peak value of 5-day BOD of 37.2 mg/l ,  the  
d r y  weather flow had a measured 5-day BOD of 6.6 mg/l. The pH of the 
runoff was, about one l e s s  than tha t  of the dry weather flow. From these 
comparisons, stomwater runoff was considered t o  be detrimental t o  Lake 
Eola. 
First-flush e f fec t s  can be noted i n  the  stormwater runoff. 
Quality parameters peaked early i n  the runoff period and then declined 
slowly throughout the  remainder of the period. When runoff ceases, 
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qual i ty  re turns  t o  t h a t  of the  d r y  weather flow. Further qual i ty  data 
was a l so  ob tdned  f o r  the  storms of May 5 and May 12. 
Storm of May 5. 1975, Quality Results 
The pollutographs resul t ing  from the  storm of May 5 are shown 
i n  Figures 38 and 39. Figure 38 is the  5-day BOD flow r a t e  i n  lbs/min 
and Figure 39 is the  suspended so l ids  flow r a t e  i n  lbs/min. Both peaks 
occur a t  approximately the  same time as peak runoff flow. Again ,  the  
pollutographs closely resemble the runoff hydrograph f o r  the  storm 
contained i n  Figure 33.' Both the starts and endings of the  pol lutants  
corresponds t o  the  runoff. Total  simulated 5-day BOD output from the  
t e s t  manhole 233 was 1.92 pounds. Total simulated suspended so l ids  
output was 10.28 pounds. 
The measured water qual i ty  consti tuents of the  ac tual  runoff 
axe given i n  Table 31. The three grab samples were taken during the  
peak stormwater runoff flow period. For these samples inorganic and 
t o t a l  organic carbon concentrations were a lso  obtained. Total organic 
carbon is at  i ts maximum at  about the same time as peak runoff flow 
occurs. 1 t . t h e n  decreases and inorganic carbon increases u n t i l  dry 
weather flow conditions a re  reached. Again, as with the  storm of May 
10, pH values of the  runoff a re  lower than the  dry weather flow. Alka- 
l i n i t y  and hardness 'also decrease from d r y  weather flow values as be- 
fore.  Nitrogen concentrations increase during the runoff period and 
subsequently decrease afterwards. Peak t o t a l  Kjedahl nitrogen was 3.87 
mg/ l  a t .  2245 and had decreased t o  1.86 mg/l  a t  2305. The t o t a l  so l ids  
content of the  runoff was about three times t h a t  of the  dry  weather 
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flow, 910 mg/l  compared t o  290 mg/l respectively. 
Compax33ig the va,rious runoff concentrations f o r  the storms of 
May $0 and May 5, correlations can be noted. Those i n  par t icular  are  
a lkal in i ty ,  hardness and pH values. Vasiations are  due t o  the  dif- 
ferences i n  the amount of rainfall, rainfall in tens i ty  and duration. 
The e f fec t s  of these m e t e r s  on runoff quality have been discussed 
previously. The t h i r d  storm, f o r  which qual i ty  data was colLected, 
occurred on the 12th of May. 
Storm of May 12. 1975. Quality Results 
The storm of May 12 was the  larges t  sampled, having a t o t a l  
rainfall of 0.7 inches and a duration of one hour and 25 minutes. The 
pollotographs resul t ing from the  Model simulation are  contained i n  
Figures 40 and 41 Figure 40 is the  BOD pollutograph and Figure 41 is 
the  suspended sol ids  pollutograph. Maximum 5-day BOD flow r a t e  was 
5.744 lbs/min occurring a t  1920. M a x i m u m  suspended sol ids  flow was 
99.498 lbs/min occurring a t  the same time. Total simulated suspended 
so l ids  output from the t e s t  s i t e  manhole was 2309 pounds. The t o t a l  
simulated 5-day BOD output f o r  the same manhole was 139 pounds. 
The measured water quality parameters of the  actual  runoff a re  
given i n  Table 32. A l l  the samples taken were composites - .  ++:? , y.y ,of *-hour 
i ,+, 
each, except f o r  the  f inal  composite of 3-hours. Again, variations 
i n  water qual i ty  followed the same pat tern as before. Sl ight ly lower 
values f o r  organic and t o t a l  phosphorus were noted as compared t o  the 
values f o r  the  s t o m  of May 10. A possible explanation would be tha t  
the  s t o m  of May 10 "washed" the study area of some of the phosphorus 
loadings contained on its surface. The storm of May 12 would then ex- 



h i b i t  lower phosphorus concentrations. 
___.-  
The 'dry weather flow quality remained f&r ly  constant through- 
out the study period. The vaxious quality.pazameters had s l i gh t  vazia- 
t ions ,  but nothing-major. The.@ w a s  asound 8.20 and a lka l in i ty  and 
hasdness varied by only about 6.0 and 8.0 mg/l, respectively, from 
the  dry  weather flow of May 10. The peak 5-day BOD and suspended sol ids  
flow r a t e s  of May 12 were higher than those of May 10. This, of course, 
was due t o  the  rainfall in tens i t i es ,  durations, and t o t a l  amounts. 
From this study, several conclusions and recommendations can be made. 
CHAmEFt VIII 
CONCLUSIONS AND RECoMI!mJmATIONS 
Conclusions 
A l i t e r a t u r e  review was done i n  order t o  determine the  optiwrm 
stomwater simulation model t o  apply t o  the  Iake Eola commercial study 
area. Upon completion of this research, the  EPA Storm Water Mmagement 
Model w a s  selected. The reasons f o r  choosing the EPA SWMM w e r e  as 
follows : 
I. The .Model is applicable t o  wban drainage basins, 
2. The Model is very comprehensive and "fine" de t a i l  
can be ut i l ized ,  
3. The computer program and usage were well-documented 
and available, and 
4. Testing and verification of the Model had been done. 
The SWMM w a s  applied t o  the commercial study area a f t e r  considerable 
data  had been gathered. The data required ranged from surface rough- 
ness coeff icients  t o  storm sewer dimensions. Application of the  SWMM 
was undertaken f o r  actual ra infa l l  events. 
Three storms were simulated, with one storm being used f o r  
cal ibrat ion purposes. Quantity and qual i ty  data were collected at  
the  t e s t  s i t e  f o r  comparison and ca l i l ra t ion  of the  Model. Initial 
cal ibrat ion runs were made t o  obtain reasonably accurate quality and 
quantity resul ts .  Quantity caLikat ion of the  Model w a s  very success- 
ful with difference of only 66 cubic f e e t  occurring between actual 
and simulated runoff volume. Upon application t o  the remaining two 
g 9  
storms, successful quantity simulations were also aieM.md. Id; llrr &!&& 
t ha t  the  q ~ t i c y  calibration and simulations are H%wd Sds aham w- 
curate quantity simulation occurs. An interest ing P a d  mas m&ed 
concerning surface storage and in f i l t r a t ion .  
Cornpasing the  simulated surface storage and MUIttar%&m anaRme 
of May 10 wlth t h a t  occurring on May 12 an increase of MlaJ dm adbi&e 
f e e t  occurred. The t o t a l  rainfall increase was 0.22 3ncbs, X h  &her 
words, an increase i n  t o t a l  rainfall of 45.8% r e d t e d  3n am ihn- 
of only 14.7% i n  surface storage and infiltration wolune.  1% mmWt 
appear t h a t  surface storage and in f i l t r a t i on  is a f'a.m*m af #he ItdWL 
rainfall taking in to  account the ra iMdl .  intensf ty and &tmd&m. A& 
some point i n  time, surface storage and infi1traZion ~~ meach s 
peak and remain constant. This would occur if a m.IS11031im mb~E2dl3 ~sc- 
curred at  a constant in tens i ty  f o r  a continuous length of &%me. T&&s 
rainfall in tens i ty  being greater than the maxbusa W n W m  mibe, 
This is i l l u s t r a t e d  i n  Figure 42. If surface storage 3 ~ W W L = = l o m  
are  examined separately, it could be assumc l ';hat @.wen a &am cmff d- 
f i c i en t  duration and constant rainfall intensitr, shtage mn3rii 
reach its peak leve l  first. Infil' -:'on w o u l d  con-ue umW a@ 
r a t e  would be reached a f t e r  maximum s-ace - L - - - is a c ~ ~ e ~  lbbs 
i n f i l t r a t i o n  rate would remain m' 3tively constant until1 #he &laman 
subsided. 
For comparison purposes the  - -:-off coefiE%dent c, 3.m We W~ 
Fomula is  calculated from the actual  data for the H _ &O d b m .  k b d l  
runoff volume of 40,050 cubic f ee t  is divideb by 'the % m e  <& 
48,800 cubic f e e t  t o  obtain a c of 0.82. iiiM.sa?.ldBam 
Time 
Assuming: 1. Uniform rainfal l  distribution 
2. Constant rainfall intensity .grea%er 
than inf i l t ra t ion rake 
Fig. 4.2. Surface Storage and Inf i l t ra t ion V e r s u s  m e  
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coefficients f o r  the  same type of area cont-ed in 'abie 9, pqp *B,, 
the  calculatedEoefficient appeass reasonable. Runoff IcmefSJ,cL~fs 
f o r  downtown business areas ranm between 0.70 sad. O.B, 
Quality simulation of the  stomwil,ter runoff was also ~dme 
the  Model. Laboratory analyses were done on m f f  smp&es dbhilmed 
f o r  the  various storms. Several water quality pmaebrs we- debr- 
mined f o r  the runoff. The Model routes only t h e e  quaUity p a z w m k ~  
through the  storm sewer system. These are 5-day BOD, i m u ~ I ,  
and coliform bacteria. Quality calibration was done nti.32~ the m y  
BOD and suspended sol ids  parameters. Calibration sras ad&ewd ib the 
point where init ial  concentrations of actual  and simtila- HlD amdl :mas- 
pended sol ids  were comparable. Pollutograghs uere pmdmd fbam We 
simulated concentrations. 
Recommendations 
Additional work should be performed w i t h  the SWM ion oktuezr types 
of land uses. The proposed resident ial  study area mukd be t3ecb&. ~ o x k  
could a lso  be done on simulating the en t i re  Lake &la d r d q  -. 
There is a large amount of quality and quantity data lnow adlaJt&e Br 
t h i s  basin t ha t  could be ut i l ized.  Additional q-ty and q-tBitly 
calibration would be required t o  obtain sat isfactory resuX~s4. 'The aaH- 
bration perfonned.ath the Commercial Study Area could serve .as guide- 
l i n e s  f o r  future attempts. 
Quality calibration of the Commercial study m a  :&mWLZ:at&on 4m 
obtain more accurate r e su l t s  should be undertaken. Sin- %he fqmt'iL(ty 
calibration is  very successful, no flow data would be req-d but 
r a i n f a l l  data and water quality samples. 3ktensive sampling, primarily 
159 
with grab samples would be the optimal approach. In t h i s  manner, a d n a l  
quali ty meastri5ements taken at  specific ins tants  in t h e  cxc at s p d f t c  
time s teps  could be compared with simulated qwlity data produced at 
the same time steps o r  ins tants  i n  time. Grab samples oMa3ned d y  a
few time s teps  apazt would be required f o r  a "finen qyaUty &b-. 
- a -  
For reasonable water q W t y  s b u l a t i o n  results, ackral poUn- 
t an t  loading r a t e s  fo r  the drainage area should be de-. Phase 
would be loadings f o r  the s t r ee t  surface c o n ~ t s  and can tban be 
input t o  the  SWMM Model. Better correlation of a d d  a d  fiiralatirrn 
qual i ty  data should occur wlth actual loadings f o r  the &ahage area 
being used. To obtain these loading r a t e s  would req@.m3 a raw 
Other qual i ty  parameters such as t o t a l  gut ter  lengths, sub- 
widths, stored catchbasin BOD concentration, and street cleaning p ~ a o  
t i c e s  do a f fec t  the quality simulation results. These could possilily 
be varied t o  obtain good correlations, but this would requize a "tdd 
and error" approach. It is f e l t  t ha t  the various pollutant loailing 
r a t e s  f o r  the - land  uses would have the most inf7uence on the quallw 
simulation. 
It has been demonstrated tha t  the  storm sewer fmr tbe wrar- 
cia1  study area contributes t o  the pollutant levels of Lake &la. Ibs 
quanti t ies  of pollutants f o r  various storms were detemined and am- 
pared with the d r y  weather flow pollutant quantiues. A complete sbd,y 
of the Lake Eola drainage basin should be undertaken t o  dete3.ine what 
possible solutions t o  the problem, if any, exist. This study mu32 
serve as a guide t o  the City of Orlando, upon which decis3.om and 
possible solutions could be based. The EPA S t o m  Water -t,
Model would serve as an excellent tool  for this st*. 
DATA GARDS FOR SINKLATION OF STQm OF MAY 10, 1975 
/ WMM JOB (1173,0001,~W~~,~,350,~0,50,,2400,3),~CHANCE~,CLASS+ 
*SETUP / DISKeCCRO17 
#SYSIN 
- - -' EXEC IRSWMM 
DD * 
0 9 9 1 0 1 0 ~  
1 2 3  4 8 
RUNOFF 
LAKE EOLA DRAINAGE BASIN COMMERCIAL STUDY AREA S ~ T I O N  
STORM OF MAY10 ,1975 DURATION OF 51 MINUTES ,RUN ONE, STORM 5 
18 100 1432 2. 1 48 
60 1. 
0.0 0.0 0.0 0.0 0.0 1.2 1.2 1.2 1.2 1.2 
1.2 1.2 1.2 1.89 1.89 1.89 1.89 1.89 1.89 1.89 
a 3  .3 a 3  a12 a12 a12 a12 a12 
.5(1 .% .03 .03 .03 .03 .O3 .O3 .O3 
a03 .03 .03 .03 .03 .03 .O3 .O3 .O3 .O3 
.03 .03 .03 .03 .03 .03 0.0 0.0 0.0 0.0 
232 3 1. 19.1 
233 -3 1.0 20.5 
234 - - -  3 1. a 5  
3 2  
233 2% 231 
TRANSPORT 
0 0 
LME EOLA DRAINAGE SYSTEM 84. 
57 100 18 1 2  2 0 3 4 
120 . .0001 25 
0 1 0 1 0  0 
217 o o o 16 
218 o o o 16 
219 o o 10 16 
220 o o 0 1 6  
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10 324 325 326 16 
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12 331 , 0 16 
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15 334 0 0 16 
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17 0 0 16 
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811 332 0 0 16 
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3 4 4 1 6  0 0 1 1 8 ' 7 .  
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84 233 
233 
84 233 
120. 
282 0.0 6.0 
0 0 0 0 60 163 201 148 102 0 0 0 
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